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Abstract

The goal of the Family Engineering program is to engage, inspire, and encourage elementary
students to learn about and consider careers in engineering and science through hands-on
activities with their parents at Family Engineering events. This program is designed to

DGGUHVV WKH 8QLWHG 6WDWHVY QHHG IRU DQ LQFUHDVHG Q:
skilled in math, science, technology, and engineering. The Family Engineering program for
6-12 year-olds and their parents is modeled after the popular Family Science and Family
Math programs. Family Engineering increases public understanding and appreciation of the
role engineering plays in everyday life and encourages parents and children to consider
engineering as a career. Student chapters of professional engineering organizations on
college campuses, elementary classroom teachers, engineering professionals, and informal
educators at museums are likely to want to host Family Engineering events.

A set of family engineering activities representing typical engineering disciplines and
concepts has been developed and field-tested to determine its suitability to a wide range of
settings and audiences. The family engineering activities were assessed at 8 sites (in
California, Connecticut, Georgia, Michigan, Mississippi, Puerto Rico, Utah, and Wisconsin)
during spring 2010 with positive results. Activities fall into three categories *icebreakers,
short or opener activities, and longer engineering challenges. The opener activities are set up
in advance and are self-paced so families can work on them as they arrive at an event.
Icebreakers draw attention from the short activities, bring the participants together, and set
the tone for the rest of the event. The engineering challenges engage families in the
engineering design process. Participants are challenged with an engineering problem such as
designing a thing or a process. They ask about the challenge, imagine various solutions, plan
a specific solution, create the thing or process, and then improve on their designs. Field test
activities and events were evaluated by event participants, facilitators, and experts in
education and engineering. The results have shown that most of the activities that were
developed are fun and engaging and that children and their parents experienced significant
increases in their interest in and awareness of engineering in their everyday lives as a result
of the program. Parents also reported an increase in their willingness to consider engineering
as a possible career option for their children.

Introduction
The demand for scientists and engineers is growing steadily, but the US is unable to

meet that demand. The resulting shortage of technically skilled employees threatens
national economic and technological competitiveness. Often pre-college students
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have not been introduced to science, technology, engineering, and math (STEM) in

a way to attract them to the fields as a career. This has been particularly challenging

for the engineering field, since specific instruction in engineering is quite limited in K-

12 settings, with most engineering offerings not appearing until the high school

years. ,Q DQ HIIRUW WR LQFUHDVH DZDUHQHVY SURJUDPV VXFK
S3URMHFW /HDG WKH :D\" KDY Kan®dyetli@dhSdHseitifgX bht LF XOD WKDW
programs such as FIRST have been developed to pique interest in engineering and science

though competition. But, none of these programs actively engage parents and children

in exploring engineering together.

Parentspla\ DQ LPSRUWDQW UROH LQ GHYHORSLQJ WKHLU FKLOG
providing support, guidance, career and educational suggestions, and life

experiences that support career developmentt 7KHUHIRUH D FKLOGYV HOHPHQ!
are an ideal time for engaging parents in informal science and engineering education

programs. Because parental LQIOXHQFH SOD\V D NH\ UROH LQ FKLOGUHC
achievements, parent/family involvement is an essential part of the solution to the

looming STEM crisis. Studies have found that student achievement increased

directly with parental engagementz. When parents SDUWLFLSDWH LQ WKHLU FKLO
HGXFDWLRQ VWXGHQWVY DFKLH YHGteDAhehtQi@IudeV W LW XGHV LF
higher aspirations for school and career development®. Over the past two decades

two programs have demonstrated the power of parent/child learning in science and

mathematics. These programs with their respective publications, Family Science’, and

Family Math®, have offered teacher/parent trainings and hosted events for families in

communities across America and around the globe, successfully engaging families

with elementary age youth in hands-on science activities and problem solving. By

introducing science and math concepts early, these programs are helping to

LQFUHDVH SDUHQWVY DQG FKLOGU HIQrMg\sciezd\aHd kbW DQG FRQI
as well as providing parents with resources for encouraging their children to study

science and math in school and consider possible careers in these fields. These two

programs have been particularly successful at reaching out to families traditionally

underserved in science and math, including families from inner urban, rural, and

minority communities. Both programs offer publications and program delivery in both

English and Spanish to assist in reaching diverse audiences.

In its report Changing the Conversation’, the National Academy of Engineering concluded
the public image of engineering needed to reflect the optimism and aspirations of students
and needed to be inclusive. Some of the misconceptions included 1) engineering work is a
sedentary desk job, 2) engineering is strongly linked to math and science, but not to other
vital aspects, such as creativity, teamwork, and communication, and 3) engineers are not seen
as directly helping people. NAE observed that many kids want a well-paying job that makes
a difference *something that can easily be linked to engineering.

Family Engineering is being developed to provide a vehicle to promote early interest
in, and a better understanding of engineering through the use of fun, hands-on
activities designed to present basic engineering concepts and skills to families with
elementary age children. By actively engaging families in these activities, the
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program is helping to lay a foundation for future learning in STEM related fields and
for increased parental confidence and comfort with encouraging their children to
study STEM topics in school and consider a possible career in engineering. Initial
program research and development is being supported through a grant from the
National Science Foundation. The purpose of this paper is to briefly summarize some of
the features of the Program.

Goals of the Family Engineering Program

The goals of Family Engineering are 1) to engage families in engineering with fun, hands-on

activities, 2) to increase public understanding and appreciation of the role engineering plays

in everyday life, 3) to introduce children at an early age to the many career opportunities in
engineering, 4) to increasH SDUHQWVY LOQOWHUHVW LQ DQGtOELOLW\ WR H
pursue an engineering career, and 5) to provide age-appropriate resources to support

volunteers in conducting informal engineering education programs with elementary-aged

children and their parents. These goals are accomplish by conducting events in informal

community settings.

In the development phase of the Family Engineering Program, consideration was given to
what families need to know about engineering. The project team developed the following
list:

X Engineering is the use of imagination, along with science and math knowledge,
skills, and experience, to address challenges and design solutions.
Science, math, technology, and communication are important tools for engineers
Engineers are creative problem-solvers
(QILQHHUV LPSURYH SHRSOHYV OLYHV DQG PDNH WKH ZR
Engineers help shape the future
Engineering problems usually have multiple solutions
Engineers are from all races, ethnicities, and genders
There are many different fields of engineering
There are many great career opportunities in engineering

X X X X X X X X

Family Engineering Program Components

As mentioned above, the Family Engineering program is being modeled after two
previously developed and successful programs +Family Science and Family Math.
Key program components include the following:

x Publication of a book of hands-on activities titled Family Engineering: An
Activity and Event Planning Guide, with both English and Spanish language
editions. Included in the book are suggestions for how to foster engineering
learning in the home and other informal, non-school settings, as well as how
to reinforce the importance of science and math course work in school. In
addition, the publication provides information and resources for hosting
Family Engineering events in school and community settings.
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X A variety of tested event formats for implementation by volunteers trained to
facilitate and host Family Engineering events in their community. These
formats are described in more detail later in this article.

X Professional training opportunities for educators, engineers, and STEM
undergraduate students interested in volunteering to help host and/or
facilitate Family Engineering events and activities in their community.

X An interactive website with additional resources and materials to support
families, trained volunteers, and others interested in implementing Family
Engineering in their community.

Development of Family Engineering Activities

A number of dimensions were considered in designing successful activities for

)DPLO\ (QJLQHHULQJ %DVHG RQ WKH GHYHORSPHQW WHDPTV
Science and research on teaching and learning in informal settings, the following

were identified as important characteristics of a Family Engineering activity:

x Encourages Family Interaction: the approach, activity design, and materials invite
and encourage parents and caregivers to work and learn together with their
elementary-aged children.

X Fun and Engaging: activities are informal, enjoyable, and maintain the interest of
participants; spark a desire to continue learning about engineering; create positive
associations with engineering; create feelings of confidence and ability with relation
to engineering

x Original Material: activities should provide a new and novel way of exploring
engineering concepts; avoid activities that have already been published or are
common practice in the informal science, engineering, or enrichment education field.

X Inherent Engineering Connection: a connection to engineering content and/or
engineering careers is obvious and built in to the context and facilitation of the
activity.

X Approachable and Accessible: activities require no specialized knowledge of
engineering to participate or facilitate; activities are designed so that participants and
facilitators feel confident and capable in completing them; activities are appropriate
for and inviting to diverse audiences (socially, ethnically, economically,
geographically, academically, and culturally).

X Relevant to Elementary-Aged Children and Their Parents: activities deal with
challenges and subject matter that are relevant, interesting and meaningful to children
in grades 1-5 and their parents.

X Promotes Problem-Solving: activities encourage finding multiple solutions through
inquiry, testing, and teamwork.
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x Simple, Inexpensive Materials: materials should be easy to acquire, simple to use, and
able to be gathered in large quantities for events without a large expense.

X Safe: materials and methods for an activity must provide for safe engagement at home
or within the open structure of an informal public event. In particular, short activities
need to be safe and functional without any facilitation or supervision.

X Written for Facilitator: the primary audience for Family Engineering activities is the
individual who will be planning and implementing Family Engineering events for
elementary-aged children and their families. Parents may also be facilitators at
schools, home, or community settings.

X Suitable for a Variety of Settings: schools, community centers, churches, homes,
museums, etc.

In addition to having the above features, there are a number of engineering concepts and
skills that are introduced and reinforced. This list includes:

X Engineering design process: A series of steps that engineers use to guide their
problem-solving. Family Engineering has adopted a simple 5-step version of the
design process used by the Engineering is Elementary (EiE)® curriculum - Ask,
Imagine, Plan, Create, Improve.

X Teamwork: the ability to function on multidisciplinary teams.

X Open-ended problem-solving: the ability to identify, formulate, and solve
problems.

x Communication: the ability to communicate effectively with others.

X Societal and environmental impact: the ability to understand the impact of
engineering solutions in a global, economic, environmental, and societal context.

x Design under constraints: the ability to design a component, product, or system to
meet a desired outcome or solution while accommodating a range of constraints.
Constraints may be economic, environmental, social, political, ethical, health and
safety, manufacturability, materials, or sustainability-related.

X Controlled experimentation and testing: the ability to design and conduct

experiments, as well as analyze and interpret data. Understanding of what
FRQVWLWXWHY D 3IDLU” WHVW

X Role of failure: the recognition that failure plays an important role in the design
process and is not necessarily a negative outcome; learning to use failure to find a
better solution.

X Reverse engineering: the deconstructing, or taking apart, of a product or process
to figure out how it works.

X Systems: the ability to design systems, where many processes must work together.
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X Optimization/trade-offs: the ability to make trade-offs, or optimize a process, in
order to enhance its benefit and minimize negative impacts.

X Spatial visualization: the ability to envision 3-D models from 2-D drawings and to
83VHH"™ KRZ WKLQJV ILW WRJHWKHU

X Modeling: the recognition that designs can often be optimized by building models
and/or by constructing and testing prototypes prior to building a final product.

X Properties of materials: the ability to select the proper material for a given
product; recognizing that the properties of a material will determine how that
material contributes to a solution.

Forty family engineering activities have been developed. These activities fall into
three categories: 1) short, self-directed activities 2) icebreakers, 3) longer, facilitated
engineering challenges. Table 1 gives examples of the short activities and the
engineering challenges. The short activities have been designed to set up before an
event so that families can begin working on them as they arrive at an event location.

A short activity will typically take one to five minutes to complete. It encourages
quick parent/child engagement, and no supervision or facilitation is required. An
easy-to-read sign is placed next to the activity materials, and families work through a
simple, hands-on activity that introduces only one or two engineering concepts.

Materials are easy to reset or replenish for the next family. The signs also include a
short engineering connection explaining the basic engineering concept represented.

Table 1. Examples of Family Engineering Activities.

Name of
Activity

Engineering Hook

Engineering Field(s)

Type of Activity

Opener Activities

Diving How far out can you Civil Engineering, Hands-on building
Board build a cantilever? Mechanical Engineering
Dominoes
Inspired By | What human General Engineering Card matching
Nature inventions have been

inspired by natural

objects?
Solid What granular material | Geological Engineering | Hands-on testing
Ground makes the best base?
Thrill Build a roller coaster | Mechanical Engineering | Hands-on building and
Seekers with turns and loops. testing

Engineering Challenges

Assembly Design an assembly Industrial Engineering, Hands-on design
Line process to minimize Manufacturing
time of assembly Engineering

Proceedings of the 2011 North Midwest Section Conference




Blast Off Design and test an air- | Aerospace Engineering | Hands-on design and
launched rocket made testing
from specified
materials
Give Me a Design a mechanical Biomedical Engineering, | Hands-on design and
Hand device to pick up a Mechanical Engineering | testing
selection of different
objects

An icebreaker activity is used to quickl\ IRFXV IDPLO\ SDUWLFLSDQWVY DWWH
the facilitator to welcome the group and provide an overview of the event. The

icebreakers typically introduce families to engineering as a profession and highlight

common misconceptions about the field. They can also be used at the end of an

event to help bring closure.

Longer, facilitated activities are designed to engage families in more in-depth
problem solving and hands-on engineering challenges. They typically take 20-40
minutes to complete and emphasize parent/child interaction and active engagement.
Instructions for facilitators include descriptions of recommended discussion
questions, materials distribution strategies, and group facilitation techniques. They
may also include extensions for when additional time is available or take-home ideas
to encourage continued family learning and exploration. They include necessary
hand-outs or activity sheets, and include a cultural connection and/or fascinating
facts about the concept or engineering field featured in the activity.

Family Engineering Events

The Family Engineering publication serves as a resource for individuals or
organizations wanting to provide informal engineering education opportunities to
elementary-aged children and their families through fun and engaging community
events. In addition to a collection of hands-on engineering activities, the book
provides all the tools necessary to plan, organize and implement a successful Family
Engineering event. A number of specific target audiences have been identified as
potential event facilitators and users of this resource *professional engineers and
engineering societies, student chapters of engineering societies, informal educators,
formal K-5 teachers, and parents.

The Family Engineering Program has developed a variety of successful, proven
event models for implementing a Family Engineering event. A typical Family
Engineering event will last from 1%z - 2 hours as shown in Table 2 and begins with a
variety of short activities tengaging experiences set up as table-top stations +
available for families to explore at their own pace as all participants are arriving.
After enjoying the short activities on their own, families are gathered together as a
large group to be welcomed and oriented to the next part of the event. At this time,
an icebreaker activity can be used to loosen up the group and get families thinking
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about engineering and how it impacts their everyday lives. Following these shorter

SRSHQHUV™ DQG SLFHEUHDNHUYV"™ Hamii€3 W logérla@iivddD WR UV LQW L
that allow them to more deeply explore an engineering concept or discipline or

experience the engineering design process first hand.

The longer, facilitated activities may last from 20-40 minutes each and allow families
to work together to solve an engineering challenge or explore an engineering topic in
more

Table 2. Typical Family Engineering Event Schedule.

Time Event Activity

2 hours before event start time Arrive at venue and set up event

30 minutes before start Brief event volunteers

Event start time Families arrive and begin working on opener
activities at their own pace

30 minutes after start time Families brought together to be welcomed to
the event and learn about engineering

40 minutes after start time Families work on engineering challenge
activities

100 minutes after start time Wrap up the event

110 minutes after start time Clean up (takes about 30 minutes)

depth. This portion of the Family Engineering event can be implemented in a variety
of formats. Two different formats that have been developed and field-tested include:

x A facilitator leads the entire group, working in family teams, through 2-3
facilitated activities. Other staff/volunteers assist with distributing materials
and helping families engage in activities.

x Participants split into smaller groups, with participants remaining in their
family units, to participate in 2-3 facilitated activities conducted in separate
rooms with two or more activities occurring simultaneously. Families rotate
through 2-3 different activities during this event format.

Following the longer activities, event participants can be brought back together as a
group to share some of their learning outcomes and new perspectives on
engineering, and be made aware of the Family Engineering publication, website and
other Family Engineering related resources available to support their further
exploration of engineering. If appropriate, take-home materials can be provided to
encourage families to continue exploring and learning together.

A Family Engineering event can also be a wonderful opportunity for participants to
meet and interact with professional engineers or engineering students. If any of the
facilitators and/or volunteers for an event is a professional engineer or engineering
student, some time may be dedicated to introducing them to the group and having
them answer career related questions from the audience or facilitate a Family
Engineering activity that focuses on engineering careers.
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Evaluation and Expert Review

The activities and event formats were recently tested (spring 2010) at select
locations in California, Utah, Michigan, Wisconsin, Mississippi, Georgia, Connecticut,
and Puerto Rico.

Each site hosted a minimum of five events presented to a broad range of audiences
representing different community locations, socio-economic levels, ethnic
backgrounds, and facilitation models. Field Test Coordinators have also come from
diverse backgrounds in order for the project team to test viability of various volunteer
demographics and backgrounds. During the Field Test period from February through
May of 2010, Family Engineering events and activities were facilitated by
engineering university faculty, undergraduate students enrolled in STEM programs,
teachers, professional engineers, informal educators, and some parent volunteers.
Events have been held in elementary schools, science centers, community centers,
and corporate settings in order to test a range of locations and facilitation formats
and delivery.

At each of the field test events, evaluative feedback was gathered from participating
families, volunteer facilitators, and site coordinators. For example, Table 3
summarizes average responses of all of the families during field testing to several
questions assessing the impact of the events. They show that families significantly
increased their interest in and awareness of engineering, and that they would
consider encouraging their children to consider engineering as a career. Other
results from this formative evaluation were used to guide final development of the
activities published in the Family Engineering guidebook.

Table 3. Impact of Family Engineering Event during Field Testing.

Before attending After attending
Family Engineering | Family Engineering
ZH ZHUH « ZH ZHUH «

Interested in engineering. 3.52 4.53*

Considering engineering as a 3.45 4.33*
possible career option for our
child/children.

Aware of the connections between 3.45 4.59*
engineering and everyday

experiences.

Aware of what engineers do. 3.53 4.67*

*Change in mean is significant based on a paired sample t-test, p-value <0.05.
Average Rating based on a scale from 1 (strongly disagree) to 5 (strongly agree).
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During the field test phase, a cadre of professional engineers, engineering

educators, and experienced formal and informal educators were identified to conduct

expert reviews of the draft Family Engineering materials. This review, facilitated by

the formative evaluation team, provided expert opinion on the engineering content

and educational pedagogy reflectedinthe DFWLYLWLHY EHLQJ GHYHORSHG 7k
comments helped inform the refinement of the Family Engineering program.

Summary

A program has been developed that includes publication of an activities and event

planning guidebook, development of a web site, and provision of training for

facilitators. The activities and event formats were extensively tested under a range

of settings and with a range of audiences. It was determined that Family

Engineering events signiff FDQWO\ LQFUHDVHG D IDPLO\TV LQWHUHVW LC
engineering careers.
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Development of Infrastructure Materials Coursefor Undergraduate
Students in Civil Engineering

Eshan V. Dave
Assistant Professor, Department of Civil Engineertigiversity of Minnesota Duluth.

Abstract

This paper describes the development of Infrastructure Materials course for undergraduate
students in civil engineering. The course comprises of balanced lecture and laboratory
components and servesasorecourse for futureivil engineers. The courseansa variety of
materials ranging from steel to Portland cement concrete. The lecture complathentourse
focuses on topics associated with origin and manufacture of materials, physical and mechanical
behavior and material design. The laboratory coment focuses on evaluation of material
properties in accordance with ASTdpecifications, making comparisons between different
materials and determining whether material meet the necessary requirements for various civil
engineering applications.

The cours is designed to meet and exceed several ABET requitedroes The key atcomes
assessed through this course include: abilityffecgvely communicate, ability to conduct
laboratory experiments and to critically analyze and interpret data, and ability to function in
multidisciplinary teams. Along with details on the development of course syllabus and its
implementation, this papeatso describes the efforts that were undertaken to evaluate the
aforementioned objectives and presents results from two consecutive semesters.

Introduction

The infrastructure materials course is a core course that is commonly offered at sophomore and
junior level to civil engineering undergraduate students. At the University of Minnesota Duluth
(UMD), this course was developed to be offered at junior |&\ed.development of the course
syllabus is discussed in this paper along with results for vari@iSTAdutcomeghat are being
evaluated through this course. The course was offered for first time at UMD during fall 2010
semester. This course is offered twice every year (fall and spring) to ensure that class size is
balanced as approximately 35 studefitse enrollment during fall semester was 34 students and

in subsequent spring semester it was 12 students.

The main objective of this class is to teach students about various types of infrastructure
materials. This class is designed to help studentskgawledge on following topics related to
infrastructure materials:

T Selection criteria and considerations;

T Behaviorof materialdor different types of loading and boundary conditions;
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¥ Fundamental and engineering properties of interest and theiragieal through
laboratory testing;

¥ Design of construction materials (Portland cement concrete and asphalt concrete);
T Specifications for acceptance of materials; and
T Insight on sustainability of infrastructure materials.

In order to achieve the abolisted learning objectives the course follows an integrated lecture
and laboratory schedule. A total of twelve tivour long laboratory sessions are conducted
through the course of semesteéor each lab sessipstudents are asked to review ASTM
specifiations follow the procedures from the specifications to conduct experipamdscollect
and analyze data.

Course Topicsind Organization

The course is broken down into series of learning blocks with established objectives for each
block. Students are provided with detailed schedule for each learning block and corresponding
objectives at the beginning of the semester. These are also ceaisite beginning of each

learning block. While a detailed list of learning objectives for each block is not provided here for
brevity, the list of topics, approximate number of lectures and a brief descripaishabows

(1) Behavior of Materials (Rectures): This block discusses various types of physical and
mechanical behavisof solids and fluids. Topics such as elasticity and inelasticity,
linearity and noflinearity of materials, constitutive equations etc. are discussed during
this block. Onelaboratory session is conducted to familiarize students with various
measurement devices as well as to conduct laboratory safety training.

(2) Steel and Aluminum (4 Lecturedytanufacture of steel and aluminum are discussed
along with mechanical and physigabpertiesof interest, laboratory procedures to obtain
these properties andpmmonlyusedstandards and specificatiorss metals in
construction industryTwo laboratory sessions are conducted inltlosk; experiments
include tensile testing of varisumetals, hardness measurements and toughness testing.

(3) Aggregates (3 Lectureshhis block briefly discusses geological aspects associated with
mineral aggregates followed by extraction amahufacture. Physical properties and size
distributions (gradatics) are discussed along with requirements for various construction
materials and project$his block also consists of two laboratory sessions that involve
measurements of specific gravities, relative densities, void content, absorptivity, and
shape and ténre measurements for coarse and fine aggregates.

(4) Portland CemenPortland Cement Concreamd Masonry9 Lecturey. Cement
manufacture and hydration processes are discussed during the initial portion of this block.
Effects of admixtures ocement hydration as well as strength gain is discussed next
along with laboratory tests for measurement of cement hydration rates as well as setting
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times. One of the key objectives of this block is to teach the volumetric mix design
method for Portlandeament concret@PCC) Mechanical and physical properties of fresh
and hardened PCC are discussed along with various requirements associated with
different types of construction projecBrief introduction is given to masonry and clay
bricks as well as tés and specifications associated with them. A total of five laboratory
sessions are conducted during this blddeseincludesetting time tests on cement

paste, cement mortar testing, PCC mix design, testing of fresh PCC for workability, yield
and aircontentand mechanical tests on hardened and cured corsaeteles

(5) Asphalt Binder, Asphalt Concrete and Introduction to Flexible Pavements (9 Lectures):
This block discusses the extraction and manufacture of asphalt binder, specification
methods for aspltiebinder, various laboratory characterization tests for binders and
issues associated with pavement performance in context of aforementioned tests and
properties. In second set of lectures the volumetric design of asphalt concrete is taught
along with vaious mechanical tests and construction issues associated watsptinegt
concrete and flexible pavements. A brief introduction is given on design of flexible
pavements. One laboratory session is conducted for this block that deals with testing of
asphaltinder and determining volumetnicoperties of asphalt concrete.

(6) Wood(3 Lectures) This block introduces various species oflienalong with
specificatiors for structuraltimbersections. Physical and mechanical properties of
interest are discussed along with wood preservation and degradation.

(7) Composites and Sustainability of Infrastructure Materials (3 Lecturks)concept of
composite design and use of analytical and appratd@rmodels to determine their
properties are introduced in thi®ck Design of engineered systems is discussed along
with various measures for evaluationrehewability andsustainability of construction
materials

During the laboratory sessions thadsnts are asked to work in groups of 3 to 4 students. During
the course of semester three professional reports are préyasstdients. These reports are
expected to describ®¥ W X Aath Qativffigs data collection, data analyse)dfindings and
recanmendationsFor each set of labs corresponding to the report a new set of lab groups are
assigned. The lab groups are made uairamdom procesg.husover the course of semester
students work in three differelatb groups.

ABET Assessment Objectives
This course satisfies a number of ABET outcomes. For purposes of ABET accreditation, three
outcomes are assessed at the end of each semester. ABET outcomes catered through this course

are as follows: (Assessed outcomes are indicated)

¥ An ability to applyknowledge of mathematics, science and engineering;

"#$%%&' ()*+#,+-.%+/011+2#"- +3'&4%*-+5%3$-"#(+6 (%" % ($%



An ability to function in multidisciplinary teams; (Assessed Outcome)

An ability to identify, formulate and solve engineering problems;

An ability to communicate effectively; (Assessed Outcome)

An ability to use the techniques, skills and modern engineering tools necessary for

engineering practice;

T An ability to apply mathematics through differential equations; probability and statistics;
calculusbased physics; general chemistry; and geology

¥ An ability to apply knowledge in the following four recognized major civil engineering
areas: structural engineering, geotechnical engineering, transportation engineering, water
resources engineering with a depth of focus in one or more of the four areas;

¥ An ability to conduct laboratory experiments and to critically analyze and interpret data
in the following four (4) recognized major civil engineering areas: structural engineering,
geotechnical engineering, transportation engineering, water resongiesezing;
(Assessed Outcome)

¥ An ability to apply knowledge of sustainability to civil engineering practice.

H + H+ +

Assessment matrices were developed for aldlfassessed outcomes. The subsequent sub
sections discuss the evaluation methods for each @.thes

Outcome: Ability to Function in Multidisciplinary Teams

The evaluationch VW XGH QW TV D E L &nuwidistipalrXt€aimé la RI@llen@ing

problem froman LQVWUXFWRUfV SHUVSHFWLYH ,Q RUGHU WR FRQG)>
review system was chosen. After reviewvafious peer review procedures, the viaised

evaluation system called Comprehensive Assessment of Team Member Effectiveness (CATME)
wasselected. The CATME system was specifically developed with the assessment objective of
SDELOLW\ WR IXQFWLRQ LQ PXOmter@iterdlldstion sfubies\havethBd ~ LQ P
been conducted fohis systerf?.

The assessment of this objectivas conducted fahesecond set of lab student groups which
included a total of five laboratory sessions and preparation of one comprehensive report.
Students are asked to conduct peer evaluatibtheir group mates usirtge CATME tool
during the cowse of these labs and corresponding report preparéti@nder to minimize the
effects of Jirst time usé, students were asked to conduct similar evaluafmrtheir first lab
group. The CATME evaluation of each student by their peers also has aroeftheir lab
reportscore;it is 10% of their lab report grade.

The specific objectives evaluated for this outcome are same as those evaluated by the CATME
system. These include:
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X &RQWULEXWLQJ WR WHDPTV ZRUN
X Interacting with teammates;

X Keeping the tea on track;

x Expecting quality; and

x Having related knowledge, skills and abilities.

For each of the above objectives the CATME system has five score levels. Each student scores
himself/herself as well as his/her group mates. Table 1 shows the evatnatiog the expected
score level for each objective is also sholme baseline scores considered acceptable are

shown shaded in gray.

Outcome: Ability to Communicate Effectively

This course focuses on the techniegdortingcomponent of effective communication skills.
6 W X G HQ W VsTddeXnwhEdRblp élaluating a series of objectivesrdpaesent technical
writing skills. The objectives and their brief description are as follows

x GrammaticallyCorrectWriting: Studentshould be able to write in grammatically correct
manner with complete sentences and use of consigiemse throughout the wrigp. This
objective is evaluated for the second lab report submitted by students. The evaluation is
conducted for writaup onaggregate specific gravities.

x Technical Witing Skills: Students should be able to descidehnical matteeffectively.
Correspondinglstudents are asked to describeléimratory experimaal procedure for
measurement of aggregate specific gravity @msbrption. The expectation is tistidents
explain the procedure irethnicaly soundmanner with use of passive and indirect voice.

X Presatation of Experimental ResultStudents should be able to present the experimental
data in efficient manner throbguse of table or charts. The results should be presented
without ambiguity and in correct formdthe evaluation of this objective is done through
second lab reporspecifically in terms of presentation eéXperimental data froiicat test
result for intial setting time oPortlandcement

x TechnicalReportFormat:Students should be able to devetechnical report that has
appealing and professional form&tich report should includese of proper heading system,
inclusion of page numbers, provision of table of contentmberedigure titles, and
numberedable titles.Once again this objective is also evaluated through the second lab
report.

A scoring system was developed to quangiich of the above objectives. Table 2 shows the
scoring system along with acceptabbeselinescores that were established for each.
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7TDEOH

Ohland et al., 2004

(YDOXDWLRQ ODWUL[ IRU $% (7 2XWFRPH R 3$Hab@ttiWe \descRIONOF WLRQ LQ 0 X

Score

Contributing to Team's

Interacting with Teammates

Keeping the Team on

Expecting Quality

Having Related
Knowledge, Skills, and

Work Track A
Abilities
Does more or higher Asks teammates for feedback arf Watches conditions Motivates thedeam to | Demonstrates the
Lality work thar? uses tkir suggestions to improve affecting the team and do excellent work. knowledge, skills, and
q y . Provides encouragemeumt monitors the team's Cares that the team | abilities to do excellent
expected. Makes importar] : . .
o . enthusiasm to the teamdakes progress. Makes sure thg does outstanding work. Acquires new
contributions that improve . . ) . X
5 . sure teammates stay imfioed and| teammates armaking work, even if thee is | knowledge or skills to
the team's workHelps . s X X
.| understand each other. Asks for| appropriate progress. no additional reward.| improve the team's
teammates who are havin : ; X e ;
o ; .| and shows an interest in Gives teammates specifi| Believes that the tean performanceAble to
difficulty completing their Vs ; )
teammates' ideas and timely, and constructive | can do excellent perform the role of any
work. P )
contributions. feedback. work. team member if necessary
Demonstrates behaviors . . | Demonstrates behaviors | Demonstrates Demonstrates behaviors
. Demonstrates behaviors describ) ' . . :
4 described above and described above and behaviors described | described above and
above and below.
below. below. above and below. below.
: : Encourages the team Demonstrates sufficient
Complet?s a falr_share of _Notlces changes trl1at to do good work that | knowledge, skills, and
the team's widk with Respects and responds to influence the team's S .
acceptable qualitiKeeps | feedback from teammates. successKnows what mee'Fs ell ElIES 19 combu_te i
. - : requirementsWants | team's workAcquires
commitments and Participats fully in team everyone on the team the team to perform | knowledae or skills as
3 completesassignments on | activities.Communicates clearly.| should bedoing and well enou hao earn | needed t% meet
time. Helps teammates Sharesnformation with notices problemdAlerts I i b? d . SAD|
who are having difficulty | teammated.istens to teammntas | teammates or suggests all available rewards. | requirementsable to
when it is easy or and respects their contributions.| solutions when the team' EERVES el E1o 126, (FEronm SO o tie Eee
important y P : success is threatened can fully meet its normally done by other
P : " | responsibilities. team members.
Demonstrates behaviors . . | Demonstrates behaviors | Demonstrates Demonstrates behaviors
. Demonstrates behaviors describ . . . .
2 described above and described above and behaviors described | described above and
above andbelow.
below. below. above and below. below.
. Is defensive. Will not accept hpel Satisfied even if the | Missing basic
Does not do a fair share o : 2
. . or advice from teammates. Is unaware of whether th¢ team does ot meet qualifications needed to bg
the team's work. Delivers : . Lo :
: Complains, makes excuses, or | team is meeting its goals| assigned standards. | a membebof the team.
sloppy or incomplete work . . : -
; : does ot interact with teammates| Does not pay attention to| Wants the team to Unable or unwilling to
Missesdeadlines. Is late, . . ) -
1 Takes ations that affect teammates' progress. avoid work,even if it | develop knowledge or

unprepared, or absent for
team meetings. Does not
assist teammates. Quits if
the work becomes difficult

teammates without their input.
Does not share information.
Interrupts, ignores, bosses, or

makes fun of teammates.

Avoids discussing team
problems, even when the
are obvious.

hurts the team.
Doubts that the team
can meet its

requirements.

skills to contribute to the
team. Unable to perform
any of the duties of other
team members.
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7TDEOH (YDOXDWLRQ ODWUL[ IRU $%(7 2XWFRPH RI 3$ELOLW\ WR &RPPXQLFDWH (

Score Number ofWriting Errors Technical Writing Skills Presentation of Experimental Dat Technical Report Format

Experimental procedure is
correctly described in concise,
non-repetitive and proficient
manner with use of correct
voice.

All sentences are
grammatically correct,
complete and with correct
structure.

Report includesPage numbers, table
of contents, welbefined heading
system, figure titles, table titles.

The correcprocedure is
Between 3 and 6 sentenceg conveyed in legible manner, by | ,. - L y
2 are grammatically there is significant lack of V:gggetzfj(:zlgil iieetftflir::?etrg[nae%c?/itra | Two format items are missin
incorrect, incomplete or conciseness and proficiency. P | 9
lacking proper structures. | (Significant deviations from unciear manner.
good technical writing)
Between 6 and 9 sentence
are grammatically The experimental procedure is . .
1 : . . . Three format items are missing.
incorrect, incomplete or conveyed in ambiguous manne
lacking proper structures.
More than 9 sentences are
0 _grammat|cally mcqrrect, The experl_mental procedure is Test data is not presented. Four of more format items are missin
incomplete or lacking conveyed incorrectly.
proper structure.
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7TDEOH (YDOXDWLRQ 0D W U L pndBRctl absratary2xpgennieRt® &hdrRArifically Analyze andnterpretData”

Reported Lab . . Measurement Theoretical Data Interpretation
Score Data Collection Data Analysis . )
Procedure Accuracy Interpretation and Recommendatio
. Data is correctly
Lab procedure is Derivation is interpreted (high
correctly reported. . —
L Measured gravity | correctly shown for| slump = high
Any deviations from A .
3 is within 0.1 of both dry and SSD | workability).
ASTM procedure e i
are clearly indicated actualvalue bulk specific Recommendations
. y gravities. are made for
in report. : o
changing workability.

All three measured
weights ar@eported

Weight data is Two out of three

2 inconsistent. properties are
(Example Dry correctly evaluated.
Weight > SSD

Weight)

Incorrect lab Partial derivation is
procedure is At least one weight Measured gravity | shown(correct

1 reported, with at measurement is not is between 0.2 and| approach is used
least 1 important reported. 0.5 of actual value | but derivation is
step eliminated. not complete)

Data is correctly
interpreted. Incorrect
recommendations are
made.

One property is
correctly evaluated.

Measured gravity | Derivation is
deviates more than incorrect or not
0.5 of actual value | shown.

Data is incorrectly
interpreted.

Lab procedure is no| All measurements ar{ No properties are
reported. not reported. correctly evaluated.
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Outcome: Aility to ConductLaboratoryExperiments and t€ritically Analyze andnterpret
Data

The title of the outcome is sediplanatory as far as the objective of this component of
assessment. In order to conduct the assessment once again a number of objectives were
developed and quantitatively evaluated. The assessment objectives, their brief description and
procedure for evalumn areasdescribed below

X Reported Lab Procedur8tudents should be able to follow the ASTM specified lab
procedures for conducting experiments. This objective is evaluatedASIHg C127
specifications for determining tiepecific gravity of coarsaggregateThe evaluation is
conducted by comparing the reported procedures used by students with the actual ASTM
specified procedure.

x Data Collection: Students should be able to correctly collect data required for evaluation of
material property. Data collection should be done with procedures indicated in ASTM
specifications. This objective &@soevaluated using coarse aggregate specific gravity test
specified as ASTM C127.

x Data Analysis: Students should be able to correfgtermine the material properties using
experimentally collected dat&imilar to above objectives the ASTM C127 procedure for
determining specific gravity of coarse aggregate was used.

X Measurement Accuracy: Students should be able to accurately detdrenimék (dry)
specific gravity of coarse aggregate sample by following the ASTM C127 test procedure.
The specific gravity provided by the aggregate manufactwasutilized as the value for
comparison. TheP D Q X | D F\asXItd iddefcvosshecked by istructor and teadhg
assistant to ensure the correctness.

X Theoreticalnterpretation of.abProcedure and\nalysis: Students were asked to
demonstrate that experimentally determined bulk specific gravities (dry and SSD) calculated
using various weightgfy, SSD, and submerged) match the theoretical definitions of the
specific gravities for coarse aggregate.

x Data Interpretation: Students should be able to correctly interpret the experimental findings

and provide recommendations based on the findings.dijective is evaluated using PCC
workability results evaluated using slump cone megpetified aASTM C-143procedure
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Table 3 shows the scoring matrix for this outcome. For each of the objectives described above
different baseline acceptable levelsre established. These are also shown on the table (shaded
in gray).

ABET Assessment Results

This section presents the results for three assessed ABET outcomes as described in previous
sectionsThe results are reported fa@llf2010 andspring 2011 semesters. Figure 1 shows the
average of the each outcome as well as the baseline ialease note that in order to make fair
comparison all values are converted to percentdigesn be seen from thresults that fordll
2010semestethe student performancexceeded the baseline expectationan averaged basis
This is also true for first two outcomes durgging 2011, howevedor theoutcome that
evaluatesbility of students to conduct experiments and critically analyze and intdrpreata,

the scores are about 20% below the anticipated baselingeeraged basi#t shouldalso be

noted that during thepsing semester there were considerably smaller number of students in the
course as compared @llf2010 (12 versus 34).

100%

9075

S0%

70%%

60°%

S50°%

Score

40%

30%

200%

10%

('"b

Ability to Function in Abihity of Commumicate Ability to Conduct
Multsdisciplinary Team Effectively Experiments and Critically
Analyze and Interpret Data

Figure 1: Average Scores for Each Assessed Outcome (Acceptable Baseline, Fall 2010 and
Spring 2011 are shown).
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The assessment data collected from the two semestdss analyzed to determine what

percentage of students are meeting and exceeding the baseline requirements. This data is

presented in Figure Zhe results show that the students have very good capability to effectively

work in multidisciplinary teams. Bm written communications perspective, the resiits\s

significant improvement inming 2011 semester as comparetalb2010. This is partly due to

added efforts by the instructor to provide good samples of technical writing as well as spending
approximately half lab session to give good technical writing tips to the students. The results also
show that durindall 2010students exhibited good ability to conduct experiments and to analyze

and interpret the experimental findings. The results fgorimg 2011 were not satisfactory in this

aspect with 50% students not meeting the baseline expectations. A detailed leotaat tata
LQGLFDWHG WKDW WKH PDLQ VKRUWFRPLQJV ZHUH IURP 3PHD
LQWHUSUHWDWLRQ® SRLQW RI YLHZ ,Q IXWXUH VHPHVWHUV F
In particular teaching style will be slightly modified as heed additional discussions will be

added

100°%%

9074

S0°%%

Score
, ~ X
Spring 2011
Speing 2011

3074

200

 Spring 2011

107

Ability 1o Function in Ability of Communicate Ability to Conduct
Multidisciphinary Team Effectively Experiments and Critically
Analyze and Interpret Data

Figure 2: Percent Students Meeting and Exceeding the Baseline Requirements.
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Summary

7KLV SDSHU GHVFULEHV WKH GHYHORSPHQW RI 3, QIUDVWUXF\
Minnesota Duluth. The papériefly describes the course objectives, syllabus topics and course
organization. The second halftbie paper describes the development and assessment methods

for three ABET outcomes evaluated through this course. The evaluation results for first two

semeaters are also present&hsed on the assessment results it was observed that improvement

is needed to increase the ability of students to conduct experiments and critically analyze and
interpret data.
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Project CammA-Rok, Engaging Mechanical Engineering Freshman

William C. Farrow
Mechanical Engineering Department, Milwaukee School of Engineering, 1025 N Broadway,
Milwaukee, WI 53202

Introduction

This paper documents the implementation of many of the leading concepts into a successful
freshman design cours&here are many different forms that a freshman introductory
engireering design course can taked many examples shared through publicatiahdescribe
what has worked. The experience outlined combines benebtsttod teamcentric as well as
anindividual centriccourse It contains both project driven aspects as well as stont
homework stylassignments. Anthe coursecomplets the design workhrough both a virtual
implementatiorin a solid modeling environmeas well as a hanesn fabrication of the final
design. Although this implementation involved model rockets as the badbis pifoject, the
course could easily be adapteddther projects of a similar size.

Background

Taking advantage of the pedagogical work that has beenidenploring the freshman

engineering design experience, this coursedeaslopedy implementing aspects and
techniques that have been showrtHQ KDQFH HQJLQHHULQJ VWXGHQWITV OHD
their interest and excitement. Sheppard and Jenison documented a strategy for describing the
Organizational Framework of a course by identifying thi &ontent) and process (howj

what isto be learned” Four quadrantareredescribedindividual Content, Team Content,

Individual ProcessTeam Procesand how they differ in the learning process. Sheppard and
Jenison then applied their Organizational Framework to study freshman engineering courses at a
number of different institution§) Their key conclusion might be sumarized as an institution

should chose the quadrants for freshman learning based on what fits at that institution, but should
work to insure that students experience learning in all 4 quadrants as they continue through their
curriculum.

Drummond as welhs Knight,et al,describe the value @eamBasedLearning (TBL) inboth in

the classroom as well as outsid&®? Work done by Ohlandet al,demonstrates the value of
cultivating the team gerience, especially with team member/peer feedback duringdhbess.

® Layton, et al,have further enhanced the process by developing a software based tool called
CATME that effectively coordinates the peer feedb&tk

The virtues ofProblemBased.earning(PBL) in anengineeringcourse have been described by
Kellar, et al, though they do warn that PBL implementation requires great deal of coordinated
time and effort” Mills and Treagust further describe the difference between Problem Based
Learning and Project based learniflySimply put, a project can be thoughtasthe
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compilation of a number of smaller problent®, Project Based Learning builds on Problem
Based learning by assembling an overarching structure to help break the project down into
workable problems.

Finally, Knight, et al, as well as Barr, et al, desctibe ability for students to gain experience

with their learning through hands on exerci&§&S) Knight, et al, describes where a number of
different freshman projects that required the stuslenactually build their designs led to better
retention of those students in their original course of study. Whereas Barr, et al, describe how a
hands on Reverse Engineering project helped to their students to better understand the design
process anthe critical nature of assembling multiple parts into a whole system.

Basic Structure of the Course

The coursalevelopeds for an 11 weelquarter thahas a 1 hour lecturaeetingtwice each

week and a 2 hour lab session each week. Within that struittergtudents are learning

principles of engineering design adevelopingsolids modeling technique®ased on the
background work, it was decided that the course shauatwrpora¢ bothteam contenas well as
individual contentand it should work toalelop engineering design skills as well as foster the
teaming processin addition, the work should include a haraisaspect, this may be

implemented in the form of a reverse engineering aspect to a portion of the project, or may even
include the fabriation of the final design.

This was achieved hynplementing a course long project that is worked by student telams.
addition to the main project, there are a number of incremental problems to be solved, some take
the form of individual homework probies, while others require the full teams attentidhe
teamswere assigned during the first week using the CATRIgoftware] Survey featurehat

allows students to input information about their preferendeam membergere collocated in

the classroom allowing them to work together on team specific assignments and to support each
other on in class learning exercises. Team building exercises are included in the first couple of
weeks, and teaming is fostered throughoatgbarter by the nature of the class time. For

example, when working on-class learning exercises, team members are expected to seek
insight from their team to answer a question before asking the course instructor. This simple
task has helped make teamembers more likely to seek each other when issues arise in the
process of solving more complex parts of the project.

Formative assessment includes individual as well as team homework problems, and individual
quizzes throughout the quarter. Many of bibid individual and team homework problems are
SXOOHG IURP DVSHFWV RI WKH RYHUDOO CoHtNeldeRQIBEURMHFW ¢
process as they work their way to a final design. Summative assessment takes the form of team
presentations, a teadesign report and an individual final exam. In addition to the grades that

DUH HDUQHG WKHUH LV XVXDOO\ D 3IXQ" ERQXV DVSHFW WR
incremental work as well as the firdgsign.

3 UR M H FAV 5°RNDi@SElectedesign Project
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A project was needed that would lend itself to 10 weeks of student team effort, give opportunity

to demonstrate the engineering design process, allow for solids modeling assignments, be

enhanced by teaming studies and require handateration in both a reverse engineering

aspect as well as in design fabricationKH SURMHFW VHOHFW-’5& NZ'D \D 33JRRWHHW
to design a payload module that would carry a digital camera on a model rocket allowing for in

flight filming of video.

The identified need for this deviemsstated as:

"A model rocket company needs a payload module that can carry a specific digital
camera on a model rocket in a way that will allow the camera to film the ground

beneath the rocket as it flies skywar(Figurel)

Figure 1 Concept for "Cam-A-Rok" Project

Subiject to the constraints:

X
X

X

X

Must not alter the camera in any way.

Mustbe capable of filming (video) looking down past the tail of the rocket as it
flies.

Mustallow the camera to be easily removed and reinserted.

Mustallow for the activation of the mode button, the shutter release button and
view of the LCD display for maalconfirmation while on the launch rod.

Must be such that together all of the parts of the payload module will fit within a
3.5 x 3.5 x 7 inch volume (total rapid prototype volume available for eacl).team
Must be safe for a typical college student to eper

(DFK WHDP ZDV VXSSOLHG ZLWK D 3'"HVLJQ 6XSSRUW .LW"~ WKL
equipment necessary for the reverse engineering of the rocket as well as the fabrication of the
CamA-Rok system. The components included in the Design Suppaateiisted inTablel

and can be seen Figure2.

Table 1 Design Project Support Kit Parts List

"#$%& 0 Y+~ %

T #8%& ()
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Figure 2 Design Project Support Kit Contents

Along the way, individual assignments concentrated more on developing WieX Gskild Witkr
the solids modeling software, while the team assignments aligned with the design process.

Individual assignments incled:
x Simple orthographic angerspectiveengineering sketching
x Various technigues for generating parts in the solids modeling software
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X Generating flat drawings with correct dimensioning and tolerancing from the solid
models

X Assembling the solid model paitdo assemblies

X Simple reverse engineering strategies implemented on the model rocket kit and the
exterior of the digital camera

The team assignments involved:

X Thoroughly identifying the problem need, the constraints and design criteria.

X Brainstorming paosible solutions to the problem

x Evaluating the solution ideas

x Implementing the selected solution idea as a solid model with tolerances required to
allow for Additive Manufacturing Rapid Prototyping techniques.
SUHVHQWLQJ WKHLU WHD R protggsttitNe cas& URXJK WKH GHV
x Fabricating their rocket, finishing their model returned from the Rapid Prototyping

Process, and testing its ability to allow the camera to function

x J)RUPDO 3UHVHQWDWLRQ WR FODVV RQ WKH WHDPYV ILC
x Design report and portfolio documenting all the work done throughout design process

x

7KH ILQDO DVSHFW WR WKH SURMHFW WKH 3| XQregaierd@) XV IRU I
E\ WKH GHVLJQ SURFHVYVY ZDV WKH FKDQFH WR 310\" WKHLU U
3/D X QFK obDthé tkams that had all the work completed and turnedsrthe last Saturday

before final exams With the assistance of a couple of uppestteen, we all went out to the

athletic fields and one by one flew all of the designs.

Results £The StudentDesigns and Flights

S

k7
/
'\ “~
W
i A o &
f <2

w

|
A 8
Figure 3 Examples of Desigh Teams' Resulting Solid Models
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A sampling of the models resulting from the student teams is shown in
Figure3. They took on two general configurations, a vertical orientation of the camera with the
lens pointed to the side using a mirror to see downward, andzaiat camera orientation with
the lens pointed downward through a hole in the capsule.

All of the teams completed all of the incremental work required and were able to participate in
the bonus Launch Day activityAn example of the launch and flightrche seen ifrigure4.

Figure 4 Rockets In Flight

A total of 12 teams with 4 students per team were involved with project. All 12 teams flew their
rockets, with varying levels of success. The fabiooaskills varied greatly across the teams
resultinginD UDQJH Rl SHUIRUPDQFH IURP VRPH PRGHOV WKDW 3M
liftoff, to rockets that did not successfully deploy their parachutes to models that performed

flawlessly returning wittvideo footage of the flight. Of the 12 teams, 5 teams captured video,

Figure5 shows a sampling of still frames from some of the clearer video footage shot on the
successful flights.

Conclusion

Neither the formative nor summativesessment showed significant improvement over previous
courses, but even though the learning environment was much more relaxed the class was able to
cover more material than it had in the past. Most of the teams developed a level of camaraderie
usually sen in sports teams. Aspects that | plan to improve on in the future include allowing the
students to use the CATME feedback surveys on two week intervals rather than four week
intervals and to develop additional projects that would fit the same format.

Acknowledgments:
X Wisconsin Space Grant Consortiuthligher Education Incentives Seed Grant, that
supported the purchase of the supplies used in the project.
x Milwaukee School of Engineering Rapid Prototype ConsortitManufacturing the RP
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Figure 5 Samples from Successful "CamA-Rok" Videos

References

1. Thoughts on Freshman Engineering Design Experier8fgsppard, Sheri and Jenison, Rolliel996, 26th
ASEE/IEE Frontiers in EducationConference Proceedings, pp9 889

2. Examples of Freshman Design Educati®heppard, Sheri and Jenison, Rolliel997, International Journal of
Engineering Education Vol. 13, No. 4, pp. 22@L.

3. TeamBased learning to Enhance Critical Thiinking Skills in Entrepreneurship Educabeammond, Colin.
2, Las Vegass.n., 2010, Proceedings of the Academy of Entrepreneurship, , Vol. 16;:pp. 18

4. Staying in Engineering: Impact of a Han@, TearBased, FirstYear Projects Course on Student Retention.
Knight, daniel, Carlson, Lawrence and Sullivan, Jacquelyn2003, Proceedings of the 2003 ASEE
Annual Conference & Exposition.

5. The comprehensive Assessment of Team Member Effectiveness: A New Peer Evatrativent©hland,
Matthew, Pomeranz, Hal and Feinstein, Harlan2006, ASEE Anual Conference Proceedings.

6. Software for Sudent Team Formation and Peer Evaluation: CATME IncorporatesMalen. Layton,
Richard, Ohland, Matthew and Poneranz, Hal.2007, ASEE Annual Conference Proceedings.

7. A Problem Based Learning Approach for Freshman Engineéfaltiar, Jon, et al. October 2000, 30th
ASEE/IEEE Frontiers in Education Conference Proceedings, pp/FF2G-10.

8. Engineering Educationls ProblemBasedor ProjectBased Learning the Answekllls, Julie and Treagust,
David. Australasian Journal of Engineering Education.

9. An Introduction to Engineering Through an Integrated Reverse Engineering and Design Graphics Baoject.
Ronald, et al.October 200, Journal of Engineering Education, pp. 4138.

Proceedings of the 2011 North Midwest Conference



Biography

WILLIAM C. FARROW has been teaching at the Milwaukee School of Engineering full time for 10 years in the

Mechanical Engineering department. Besides teaching courses relatgin®ering design and engineering

mechanics he works with students pursuing aerospace career goals. Dr. Farrow has worked for McDonnell Aircraft
&RPS (DWRQ &RUSRUDWLRQYV &RUSRUDWH 5HVHDUFK 'LYLVLRMQ DQG DW
Fellow.

Proceedings of the 2011 North Midwest Conference



Fuzzy Versus Conventional Control

Marian S. Stachowicz,
Laboratory for Intelligent Systems, Department of Electrical and Computer Engineering,
University of Minnesota, USA,
The Warsaw School of Computer Science, Warsaw, Poland
mstachow@d.umn.edu

Abstract

This article presents notes from the interdisciplinary course ECE 5831 Fuzzy Sets Theory and Its
Applications and an introduction part to ECE 4951 Design Workshop dedicated to Intelligent
Control, both taught at the ECE Department, University of Minnd3olath. What are the

advantages and disadvantages of fuzzy control as compared to conventional control? What are
the perspectives of conventional control engineers on fuzzy control? In this paper we will

attempt to give answers to these questions by as&intyat least partially answering, a series of
guestions that we have accumulated over the years from a variety of engineers in industry and
universities concerned about whether to use fuzzy or conventional control.

1. Introduction

Two approaches are alable for study of conventional control systems][134]. The first is

NQRZQ DV WKH FODVVLF WHFKQLTXH 7KLV WHFKQLTXH LV ED
eqguation to an algebraic equation and to a transfer function. The primary disadvariteége of

classical technique is its limited applicability. It can be applied only to linearitivagiant

system. A majoadvantage is that thegpidly provide stability and transient response

information The second is the state space approach. This tpehis a unified method for

modeling, analyzing, and designing nonlinear and-argying system. This approach can be

applied for a wide range of systems, including the same group modeled by the classical approach
however the statepace technique is nas intuitive as the classical approach. The designer has

to engage in several calculations before the physical interpretation of the model is apparent.

In our educational program for undergraduate students, the coverage of both conventional
approaches atenited to linear, timeinvariant systems or systems that can be linearized using
Taylor series and it is a subject of ECE 2111 Signal and Systems and ECE 3151 Control Systems
courses. Leonhard Euler (17@783), Jean Baptiste Joseph Fourier (:Z880), Ferre Simon

Laplace (17491827)dominantin these courses [12].

The study of other classes of systems could be presented on an elective three credit ECE 5831
Fuzzy Sets Theory and Its Applications or on required four stEQIE 4951 Design Workshep
Intelligent Control course.

In conventional control deliver during ECE 3151 Control Systems, required three credit course,
the prime desiderata are precision, certainty, and rigor. By contrast, the point of departure in
fuzzy control in ECE 5831 Fuzzy Sethéory and Its Applications is the thesis that precision

and certainty carry a cost and that control should exploit the tolerance for imprecision and
uncertainty [13]. The exploitation of the tolerance for imprecision and uncertainty underlies the
remarkabé human ability to understand distorted speech, summarize text, recognize and classify
images, drive a vehicle in dense traffic and, more generally, make rational decisions in an
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environment of uncertainty and imprecision. In effect, fuzzy control usésithan mind as a
role model A fuzzy sets theory is an important part of the intelligent control.

It is now realized that complex reabrld problems require intelligent systems that combine

knowledge, techniques, and methodologies from various soutitese Tntelligent systems are
VXSSRVHG WR SRVVHYV KXPDQOLNH H[SHUWLVH ZLWKLQ D VS
do better in changing environments, and explain how they make de@sitake actionsAs

opposed to PID, lealhg, and state febvack control where the focus is on modeling and the use

of this model to construct a controller that is described hgwdintial equations, in fuzzy control

we focus on gaining an intuitive understanding of how to best control the process, then we load

this information directly into the fuzzy controller.

2. Fuzzy Sets Theory

As Professor LotfA. Zadeh from University of California, Berkeley, pointed out in 1965 in his
VHPLQDO SDSHU HQWLWOHG 3)X]]\ 6HWV™ VXFK LPSUHFLVHO\ ¢
role in human thinking, particularly in the domains of pattern recognition, coroatiom of
LQIRUPDWLRQ DQG DEVWUDFWLRQ" 1RWH WKDW WKH IX]]LQ
constituent members of the sets, but from the uncertain and imprecise nature of abstract thoughts
and concepts. The main contribution of fuzzy lagia methodology for computing with words

[3], [7], [9]. A key aspect of computing with words is that it involves a fusion of natural

languages and computation with fuzzy variables. A selection of fuzbhegiif rules forms the key
component of fuzzy infemce system that can effectively model human expertise in specific
applications. Because of its multidisciplinary nature, the fuzzy inference system is known also by
other names, such as fuzzy expert system, fuzieybased system, fuzzy associative megmor

fuzzy system, and fuzzy logic controligig.1).

Fuzzy controller

Infererce
L RN (PR ™

|

Rule-base

Inputs Outputs
¥(1)

Reference input
ne
_——

10w

Process

|

Fuxezification

Delivesilical i
y

Fig. 1. Fuzzy logic controller

Professor L.A. Zadeh introduced initial ideas of fuzzy control explicitly in 18&actual research on
fuzzy controllers was started by Professor Mamdani and his students at Queen Mary College in Londc
in the mid-1970s. According to the literature, the first commercially available fuzzy controller for
cement kilns was developed byP. Holmblad and K. J. Ostergaard in 1982. An autonrthtie fuzzy

control system for subway trains in Sendai City (1987) was extremely successful. It is generally praise
as superior to other comparable systems based on classical control. The fazdlecachieves not

only a higher precision in stopping at any designated point, but makes each stop more comfortable; in
addition, it saves about 10% of energy. A complete list of other industrial projects, including control
problems that are considerbeyond the capabilities of classical control theory, that employ fuzzy
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control would be too long. Fuzzy controllers have also been installed with great success in variety of
consumer products, including TV sets, video cameras, vacuum cleaners, washimgsnaciomobiles
(antiskid brake systems, automaticgmissions) and many others [1{d]1].

3. Objectives ECE 5831 Fuzzy &s Theory and Its Applications course

This forty-five hours interdisciplinary course provides the comprehensive treatment of the
constituent methodologies underlying fuzzy set theory, an evolving branch within the scope of
computational intelligence that is drawing increasingly more attention. In particular, course put
equal emphases on theoretical aspects of covered methododmgresl] as some empirical
observations and verifications of various applications in pradtioe problems in this course are
based on current and potential applications in disciplines of computer science, electrical
engineering, mechanical engineeribmmedical engineeringnedicine andbusiness.

4. Objectives ECE 4951 Design Wdeshop course

In this workshop no formal lecturesere taught. idwever the students recet/an intensiveeview
covering the topics of the 68HC12 microcontrolg}, fensorsandtwelve hourslectures and three labs
related ta~uzzy Logic Control [5]. Duringhis workshopthe students worked in small groups and were
required to design, build and programe controller with intelligent behaviors ugrfuzzy logic.The
Problem Based Learning (PBL) principle$,[[2], [3] were applied As results, students obtained
specifictechnical knowledgegotgroup workandmanaginghe projectexperienceas well as presenting
theposter andinal report It improved also theicommunication skills.

"#$$%!&'()*1+,-1./.0(.1!,-1,120,*3)*,41,43.05,3)6.!3+,3!120'6) 1.-1,!*'56.5).53!/.3+'1!3"!
)/24./.5315'54)5.,01*'530'44.0-7!"#$$%!*'530'44.0-18'09!1)::.0.534%!3+,5!*'56.53)'5,4!
*'530'44.0-;1.<2.03195'84.1(.!)-1#-.11)5-3.,11"11)::.0.53)  ,4!.=#,3)'5-13'11.-*0)>.!1,!-%-3./7!
?+)-195'84.1(.1*,5!>.1.<20.--.11)5!,16.0%!5,3#0,418,%!#-)5(14)5(#)-3)*!6,0),>4.-@!8+)*+!,0.!
1.-¥0)>.11>%!:#$$%!-.3-71"#$$%!&'()*!+,-1>..51#-.1120)/,0)4%!'5!4,0(A*,4.1*'/2#3)5(!
-%-3./-1,5112.0-'5,4!*'/2#3.0-7!  The technadgy involved in intelligent and fuzzy systems is

of such a fundamental nature that in 21 century it will be standard knowledge for all engineers
and scientist®verall, in comparing fuzzy to conventional control, it is interesting to note that
there are anventional control schemes that are analogous to fuzzy ones:

1. Directfuzzy control is analogous to direct nonlinear control,

2. Fuzzyadaptive control is analogous to conventional adaptive control (e.g., model reference
adaptive control), and

3. Fuzz supervisory control is analogous to hierarchical control.

Does there exist an analogous conventional approach to every fuzzy control scheme? If so, then
in doing fuzzy control research it seems to be very important to compare and contrast the
performane of the fuzzy versus the conventional approaches.

The introduction of Motorola's MC68HC12 microcontroller, which incorporates several Fuzzy
Logic primitives in its instruction set, has made possible the implementation of fuzzy controllers
in microprocessebased systen($], [6], [7], [8].
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5. Final Reaults

Following projectof the ECE 4954Spring2010 Design Workshopntelligent Control Design
Using S12 Microcontrollewere presented successfully by students during 15th Annual UMD
Undergraduate Research/Artistic Showcapeéch and posters presewtasi, hardware
demonstrations Kirby Ballrooms, UMD, April 29, 2010 as well as postpresentatiorn
Minnesota Power, Headquarter, Duluth, April-3@ay 7, 2010Dr. Christopher Carroll and Dr.
Marian S. Stachowicz from ECE Department, UMD, conductisdvtbrkshop

1. Matthew Wright and Andrew Pedersen,
Intelligent Wallet

2. Jared Sweet and Michael Phillips,
Intelligent Greenhouse Control

3. Alex Kamrud and Nic Westing,

Color Recognition for Tracking Robots

4. Emily Hamilton and Derrick Keffeler,
Path Tracking Vehicle with Fuzzy Control
5. Chris Pflepsen and Stephen Cheruiyot,
Voice Controlled Lights

6. Mark Bretall and Joe Engebretson,
Voice Activated Control of a Direct Current Motor
7. Andrew Becklund and Robert Yang,
Intelligent Helmet+Threat Detection

6. Conclusions

During four years that we have been offering the Design Workshop course on intelligemissyste
we have found that students wenere motivated ithelearn fuzzysettheory and

microcontroller programming by applying them to the design and implementatieal

problemsWe could say that students gained an excelledéerstandingf the both topics of
microcontrollers and fuzzy logic contrdlheworkshop was orgamed in such way that students
worked during whole semester on their projects. Students were exposed to teamwork, managing
the project and had the opportunityingprove their written and oral communication skillge

should view the fuzzy controller as artificial decision maker that operates in a clokexp

system in real time. The moséudents understand conventional control, the more they will be

able to appreciate sonfiee details of the operation of fuzzy control system.

The future improvements to the Design Workshop coursebsithrough addition the following
aspectsmultidisciplinary teams including students from different engineesggartmentsfor
example, fromelectrical, mechanical, industriar computer scienceThe students alsshould
addressn the final reports thenvironmental, ethical, and economical issueswioaid be
affected by their project&urthermore the project wodhouldbe createdusing principleof the
Problem Basednd Project Organized Learniiagth concrete goals and criterfauzzy set
theory will inevitably play important role in any problematieat involves natural language.
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Introduction

Inspired bya design workshop coursdfered at the Electrical and Computer Engineering Department
(ECE) at theUniversity of MinnesotaDuluth (UMD) [1] we could sedhat the learning possibilities
offeredvery much wasising the pedagogical principles based on RmbBaed Learning (PBL)[R

In this paper we want to elaborate tmese pedagogical principles to seew it could fit the
requirements in future workshops for students cotmgetheir ECE program at UMIs well as
workshops for Aalborg University studeniWhen using a PBL approaskudents work with complex
projects insmall groups so they learn specific technical topics as well as areas conneqtenject

work (process competences or transferable skjB$) The combination of traditionahnd new
HQJLQHHULQJ VNLOOV DQG SURFHVV FRPSHWHQFHVY KDV VKRZ
possibilities. Studies in Denmark show tlw@impanies value those competences very MghAt

Aalborg University a work has going on since the Universigrt about 30 years ago to imprahe

PBL pedagogic approach. Development of the PBL model is a continuous process. New demands in
study regulations, new generations of students and teachers need to be corisidgpie. of the
continuous improvementsf the pedagogical approach the PBL has some ground rules whithea

basic for all projects [Bbut one aspect of the PBL model has not yet found a stable solution, namely
how to assess and evaluate the process competences. Several assessment mdokds héed out,

but we still need a model which can conclude (encompass) the complex aspects of process
competenceD OVR FDOOHG 3VRIW FRPSHWHQFHV’

This paper is dealing with theedagogicaprinciples ofAalborg UniversityPBL model and how it can

be used as a pedagogical approach for a workshop where engineering students are caarfnisting
semester project as well @assenior design project. The Design Workshop at the ECE program,
University of MinnesotaDuluth [1] is used as oneaseard a firstyear workshop at the &tlialogy
program, Aalborg University is the second cé&e The focus will be at th@rocesscompetencies
connectedto PBL in the workshop and the evaluation methodBinally evaluation methods are
discussed.

Problem BasedLearning and the theoretical background for teaching and learning.

Problem Based learnind®BL) is very oftenan abbreviation for both Pri@m Based Learning and
Project Organized.earning and it has proven to be a successful education strategyeralhigher
educationslsowhen the pedagogical modeldfer from each otheiln the various definitions of PBL

the following three levels can be distinguished: Central theoretical learning principles; specific
educational models based on PBL principles; and different practices within the guidelraektiohil
educational models J2In Denmark wheré\alborg Uriversity wasfounded in 197@he university was
based orthe PBL approach andig a problem +and project based moddlhe Aalborg PBLtradition
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builds on the experientiand reflectivelearnng moreor less formulated b¥olb +the experiential
learning[8], Schsn tthe reflective practitiond®], and Cowanzthe reflective learngd.0].

The Aalborg (AAU) 3%/ PRGHO LV EDVHG RQ WKH LGHDV WKDW VWXG
supported when students get an active roldénacquisition and creation of knowledge. Furthermore
WKH WHDFKHUYfY UROH LQ WKH OHDUQLQJ SURFHVV KDV WR EH
knowledge development aahowledgetransfer. The organization of the students learninggasis

based on group work whiclmeans that pedearning is becoming vital in the shared educational
process of the project gro(®).

The characteristics in PBat Aalborg University, faculty of Engineering and Scieaocedescribed by

DeGraf andKolmos [J in the following

X A problem is the starting point of the learning process. The type of problem is dependent on the
specific situation of the curriculum, study regulation, semester etc. Normally a semester theme
guide which problems can be deaith. Often semester courses are planned to meet demand
from the study regulation and will at the same time support the praddénmg processhe
students have chosen for their project. It is crucial that the problem serves as the basis for the
learningprocess because it will determines the direction of the learning process as well
problem places emphasis on a question rather than an answealsthadlows the learning
content to be related to context, whid¢arthermore promotes studentsnotivation and
comprehension [3

x All students work in project groups. In the first semesters the groups exist bs@udents but
the number decreasturing the studybecause a higher degree of specializatiorthe late
semestersso in the last semesters theawill be 1 +3 students in each project grouphe
students form their own groupBach project group has %2 tutors/teachers during the whole
project.

X In most cases students formulates their own problem statement withigiven theme or
subject areawhich raise the VW X G H<posiibdity and motivation for their learning:
participant +directed learning processes. This means that students have to find knowledge,
theories and methods by themsel{gspported by teachers and tujose they carwork with
andsolve the problem they have chosen.

x Experiencébasedearning is an implicit part of the participaditected learning process, wke
students build from their previoexperiences and interesio activelylink the formulation of
the problem tdhe individuals or the groups world of experience increases motivation because it
relates to the students previaysnions and understandings.

X Activity-based learning is also an important part of the PBL learning pr@uessties involve
research, decisiemaking and writing which also motivate and give the students the
opportunity to acquire deeper learning.

x Exemplary practicés a central principle, as the students have to gain a deeper andergtof
their selectedoroblens complexity If there is not given a sufficient broad overview of the
subject area then the students need tdhgetunderstanding and thereby they have to develop
the ability to transfer knowledge, theories and metletierfrom previously leened areas to
new areas®r to find new knowledge areas

x Groupbased learning is an important principle as the majority of the learning processes take
place in groups or teams. Process competences widlugit as a course and the competences
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will be usedand developed during the project processo the students learn to handle the
process of grgu cooperation in all it stages.
The above principles cover the general PBL model as it is currently practiced at Afipoeggsity.

Concrete

Experience

Explorative experimentand Common senseefleksion

A
v

Active . . o Reflective
. . ¢ Move testing andComparative refleksion 3 .
Experimentatior] < > Observation

A
v

Hypothesistesting and Vertikal refleksion

Abstract Conceptualization

Figurel. A didactic model developed to understand the theoretical approach to teach process
competencesilt contans different types of reflection, which is related to a Kolb inspired learning
circle. [4]

Together with the PBL principles ware usinga learningmodelwhich is practicalvhen teaching and
learningthe specific processompetences. The modelillustrated in figurel. The model serves two
purposes. It is a description of our theoretical understanding of how students acquire knowledge in
general anchow to learnand teaclproaess competencies in particuldihe theoretical undstanding

which we are usingis basedon an experienecbased pedagogsnd is in accordance with the PBL
principles«

Process competences are very much something students are learning by doing, but they have to reflect
on their experience and conceptualize their new knowlealgd they have to get a common vocabulary

to canmunicate their experienceedching process competences has to be done within the group in
accordance with their practical project work, and at the same time students will get a course in relevant
areas ofprocess competenceshe course is called Cooperation, Learning and Project management
(CLP) [3]. During the semester students are asked to carry out different experiments related to their
group work and to the goals of the study regulation. As can barstenfollowing, the basic approach
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to facilitation of experimentation an@flection is based on Sch3n [7] and Koll.[Bolb and Schsn

have different understandings of how experiments and reflections can be used as learning strategies.
6FK|QYfV EDAHSWAR D U Hh-TUAHNVOQROW DR@NHWQ RPW LFGDEWEWQR Q V
process where reflection and experimentation take place at the sameinizey case it is difficult to
VHSDUDWH WKH WZR 9 RFWVYRQ\idhat i HetaEdidnB Qcontains an element

of evaluatim of former actions. Kolb [6does not deal with reflection as a methdmlit it is an element

in a learning processonsisting of experience, reflection, conceptualization and experimentatisn. It
important to emphasize that reflection and experimentation is separated during the learning process. It
is an analytical, objective and observing reflection which involves a distance to what is going to be
reflected o.

When developing thenodel we haveised Schdn and Kolb as a starting point in order to find methods,
which are operational in the developmenpaicess competencies. Wheeveloping arious types of
reflection,research data lead us to define three different types of reflection:

1. Common 8nse Reflectiormeans to be conscious of the experience. This is an everyday
consciousnedd.1]. The knowledge, which is gained from the experience, is not questioned.
2. ComparativeReflections learning through comparirdjfferent experiences.
3. Vertical Rdlection is based on induction and deductiohto be able to pass from single
experiences to more abstract categories and vice versa.

Basically . ROE TV O HD Juldndt bd undesto@s a circle where learning only takes place if

the learner reflects, forms his/her own conceptual understanding, tests hypothesis, acquires new
experience as the basis of reflection etc. Studies among our own students show that they do not go the
whole wg round the learning circlecon the contrary, at the beginning of their study they tend to go
directly from the reflective observation to new experiments without any conceptuali2htibrthe

students are going to conceptualize and make more profoypothiesis testing, they must be
facilitated into doing so through questions and through learning concepts, theories, models and
methods connected to the field in question.

Summarizing we findhat PBL is a very usefldasic principle for learning procesempetences as
students has to carry out a project in a group, they have totheagomplexity of group workvhen

doingit. ,W LV LPSRUWDQW WR KDYH VXSHUYLVRUV IQsvppdstxieWR UV
learnirg of process competenceg will let students make different kind oéxperiments connected

the process in their project group.
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The students obtaiapecific technical knowledge according to the study program. But they also get
knowledge about group work and managing a project as welleasmimg a poster and a projédtat
gives valuable competences witilanning anccommunication skills [j

Theworkshop ECE4951-Spring2010 hadourteenstudents and twadvisors and thevorkshop ECE
4951Fall 2010 had foustudents and two advisofs.

In the workshop, teams of two students are formed. Each team is encouraged to develop ideas of their
own and pesent a proposal for their project. All the proposed projects should fit into the selected topic,
and should be reviewed and approved by the instructors. The students have fifteen weeks to do all the
work, from the definition to the developmentdanompleion of the project.During the semester,
students and instructoreeetonce a week. Students discusout their progress, and problems that

they are having in therojectsand the instructors give suggestions.

789:;9-"#(+#,+-.%+<"#=0%%-*
Upon completiorof this course the student should be able to:

- Complete a design project that is interdisciplinary in nature, integrating the knowledge obtained
in previous ECE classes

- Accurate communicate his/her project results, both in written report foamatin oral
presentation format

- Understand how teams work and how to interact in a team setting. (Understand what it is like to
work in industry)

- Appreciate the role of engineering in society, and ethical issues
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The projects are evaluated in several stages, in aaradd continuous way. In the weekly meetings

each team presents the evolution of their projects and receives orientation of the instructors. The
REMHFWLYHV RI WKHVH ZHHNO\ PHHWLQJY DUH DOVR WR KDY
assure tht each team member contributes to the teamwork. For the final grade, all the members of each
team obtained the same grade. 35% of the final grade is assigned during week nine, when students
present a written report and oral presentation of the resuttewfsimulations. Another 35% of the

final grade is assigned to the students during week fifteen when they demonstrate that their project is
working in accordance to the specifications. The last 30% of the final grade is assigned based on the
final oral pesentation, taking into account the quality and clarity of the presentation, and the
completeness of the final written report and quality of the poster.

The process competences are close connected to the project work in general, and it is in a wdy expecte
that the students perform according to what it takes to carry out a project and work in a group. The
students get feeddack during the project process about the project progression, and the relatively small
numbers of students and teachers make it plesfib the teachers to get a profound Wfexige about

the process of all groups standpoint regarding the technical as well as the process competences. The
guestion is how much the students are aware of those specific and highly valued process competences
in the way projects are carried out in this case.

"#$1$B97391)-+!-4#$D.-C$211)(13(39776!'$(2.)A$")+! +913.97! 79+*39*$! 1$.8(?! ()+2$! 9! +38%.)297!
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Case 2lIntro workshop for 1. Semester, Medialogy

Each semester has goals described in thdysprogram, and the goals hesbe reflected in all
projects. Furthermore each semester has a theme within which students can chose which problem they
want to work with.

The first semester is meant as an introduction to @ébadkg University study form. Thetudents will

be introdweed tothe group and project work asmall introduction project of 3 weekde character of

the introduction project serves as a general workshop, which includes several minor workshops and
courses. The reason is that the students have to get somersgeby doing aomplicated project in

a group when at the same time they have to participate in different course activities which have their
own deadlines for connected assignments. This is a real challenge regarding plaineyngre also
encourageda start small experiments about topics related to the group and project plikeess
working according a time and activity plan which they h&weuse as experimenData from the
experiments can be used in the process analyses. During the whole prudests stre told to reflect

about the different elements in the project work.
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7KH VHPHVWHU WKHPH LV R thy ¥Iwihg senwWdshbrojeQNQBent® fave to
choose which problem they want to work with in their project, but in thisdottion project the
choices are limited to 3 elements: a 3 minutes presentation of a fellow group using Flash and
Photoshop as well as a documentation of the production, a PBL essay and a Poster about Medialogy
(max 20 pages + cdVithin each elemerthe students can chose how they will accomplish each task.

In the project group they have to discuss the task, find a solutionaptherganizéhe work in the

group and solve the different problems connected to the project and the group work tibsiBngeek
students have 1) a Flash andoB workshop with coursef®) an animation and graphic design
workshop and 3) the start of a course in CLP (Cooperation, Learning and Project Management).

The first semester has 160 students and they are pla@2dprroject groups with &7 students ireach

group A team of 8 teachers/supervisors are connected to the first year. Each project group has a
supervisorconnected during the procedhe supervisar havemeetings once a week with the groups

but groupscan get further assistance if needed.

After finishing and submittingthe introduction project each group has to write a proeesdysis,
whichis a 3- 4 pages reflection about the process in the project group (the planning, the cooperation,
the projectmanagement etc].he procesanalyses havi® be submitted within 36 hours.

Evaluation of the introduction project
The goal otthe introdudbn project thestudents haveo demonstrate:

- use different methods to collect and analyze different data,
- to communicate their findings in academic ways for different target groups.

- the three elements plus the process analysis have to use definitions and methods used in the
courses and workshops.

The groups are not evaluated during the prodessevaluaion thegroups will present the projects

and the process analys@$ie group has tchoose how to present the project, but the precondition is
that all members of the group have to present a part of the project within 30hmm.there is an
individual oral exam based on the topics in the project.

The process competences are very close connected to the projects, but when students start the project
they also start their CLP course and they have to write a PBL essay, so they begin to have an
understanding fothe process competences as well as they get definitions and a common vocabulary.
The process analysis are written documentation about each groups level of comprehension and
understanding of the project process, but still with so many students, groupsaahers it is very
difficult to evaluate each group and individual in a fair and constructive way.. The challenge is to
formulateclear criteria fordesignan evaluation which can be used for more than 100 students and a
big team of teachers.

Conclusionand discussion
7KH WZR FDVHV VKRZ WKDW GLIIHUHQW ZD\V RI HVWDEOLVKLQ

principles has much potential for the students to achieve process competences. The way to teach
process competences can be differenteddmg on which semester the students attend, and how
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LPSRUWDQW WKH SURFHVV FRPSHWHQFHV DUH LQ WKH FXUL
HYDOXDWLRQ LVFOGBDOBGQIWRILWKRRSHWHQFHY™ EXW LI WKH VYV
realy have to benefit from this subject we have to more clear about defining and evaluating these
competences in ways which areralable as the evaluation methods used for technical competences.

A way could be a combination of a formative evaluation madang the process, but with clear topics

to be dealt with regarding the progress of the project and the group, and a summative evaluation once
or twice during the project. The challenge will be to design and implement the final evaluation which
will give the students an understandable impression about his/hers competences in a way to be used in
theirCV.

$ IXWXUH UHVHDUFK SURMHFW DERXW DVVHVVPHQW RI 3VRIW F
and implement different methods for assessment usitgmbination of formative and summative
assessment models with an addition of elements from fuzzy logic.
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A nanotechnologymodule within the current coursein Engineering Economy

Mitchell Corneliug, Bidhan Roy, Osama Jadaan
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University of WisconsintPlatteville, 1 University Plag Platteville, Wisconsin 53818, USA

Abstract: For the past couple of years, the college of engineering has been offering a minor

program in microsystems and nanotechnology. This has recently been upgraded to a major.
Concurrently, efforts are underwayintroduce this new field in existing courses, so as to entice
VWXGHQWfYV LQWHUHVW 7KLV VWXG\ GHDOV ZLWK FUHDWLQJ
Engineering EconomyA typical course work in engineering economy includes employing

valuation toolsand beneficost analysis (among many others) to study the financial feasibility of
engineering projects. Unfortunately, for projects involving nanotechnology, the finances are

mainly speculative since commercial applications of nanotechnology are ragitdynfancy.

+HQFH ZH WDUJHWHG VPDOO DQG PHGLXP HQWHUSULVHV 60
products and listed at NASDAQ. This is because such companies would have their financial
statements freely available in the internet. The modulsistsnof designing sample valuation
SUREOHPV RI WKH 60(fV FUHDWHG IURP WKHLU LQFRPH VWDW
expectedhat it shall help students understand a financial statement, the future sway of
nanotechnology related produgtsmarkets, and the volatility (risk) faced by the stat

companies.

Introduction

Nanotechnology is thstudy of manipulating matter at the nanoscalé’ (). This would
involve studying material behavior at the atomic and molecular level. Thergfenepmpasses
diverse areas such as surface scieocganic chemisty, molecular biology, semiconductor
physics, microfabrication etc.

Nanotechnology has the potential to create many new materials and devices with a vast range of
applications such asedicine, electronics, biomaterials, and energy produciibarefore, it

becomes imperative to introduce and train our new generation of engineers to this exciting field.
In this regard, the College of Engineering at University of WiscoaSilatteville las recently
upgraded its minor program in micosystems and nanotechnology to a major program.

In order to draw students towards this new major program, a nanotechnology module as been
incorporated into the coursework of Engineering Economics. This is¢®das is a course

taken college wide and fulfills the objective of a wider audience. Besides, it also introduces the
students towards the initial commercialization of this new technology and the volatility of the
related startp enterprises.

This paperdescribes the initial steps taken to develop the motlbeginwith a section

describing the contents of a typical engineering economics course. This is followed by a section
describing the steps taken to develop a module. An essential part of the nvddoé in
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comprehending financial statements and constructing sample valuation problems and the
subsequent sections describes them.

Engineering Economy 101

Engineering economy is the study of viability of engineering projects from a financialgfoint
view. The decision on viability of the projects primarily stems from three type of artalysis

1. Valuation analysis: Based on the financial data, we calculate the present worth (or
annualized worth or future worth) at prevailing interest rate. If we akndewith a
single project, we choose the project if the valuasgpositive. Otherwise, we shall
FKRRVH WKH 3GR QRWKLQJ" RSWLRQ ,I ZH DUH GHDOLQJ
the project with the highest valuation.

2. The internal rate of ratn (IRR) analysis: The internal rate of return is the interest rate at
which the cash flow of the project breaks even, ie., the interest rate at which valuation is
zero. If we are dealing with a single project, we execute the project if the IRR exaeeds th
PDUNHW LQWHUHVW UDWH (OVH ZH 3GR QRWKLQJ" $JDL
SURMHFWY ZH FKRRVH WKH SURMHFW ZLWK KLIJKHVW ,55
rate).

3. BenefitCost analysis: If we know the dollar value of the benefgseaated with a
project, we compute the ratio, benefit/cost (or the difference, bewst). If the ratio is
greater than one (or if the difference is positive), the project is executed.

Engineering Economy of Nanotechnology Related Companies (or Projst

It is very difficult to undertake an engineering economic analysis for a hanotechnology related
company (or project). This is because commercial applications of nanotechnology are still in its
infancy and therefore many financial data is merely spéigel Besides big corporations
undertaking nanotechnology related projects (such as General Electric, IBM, and Intel etc.) do
not state the finances specific to the project.

In order to circumvent the lack of financial data, we focused our attentioASDAQ listed

VPDOO DQG PHGLXP HQWHUSULVHV 60y Such gopanieB &l RQD O IR
solely devoted to developing and marketing nanotechnology related products; and (ii) since they

are listed in NASDAQ, they have financial statemesitscome statements, cash flow

statements, and balance sheet statements, in the public domain in the internet.

Most of the financial statementsncome statements, cash flow statements, and balance sheet
statements have a myriad of financial data. Sohleese data describe the operational income
and expenses, whilst others are related to accounting practices. The financial data for an
engineering economic analysis are mainly associated with operating income and expenses.
Therefore, we use an income staent for our analysis.
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In the subsequent section we shall briefly describe an income statement and the financial data we
are concerned with. This will be followed by a section describing the model problems we

devised for an engineering economy analysisally, we conclude by describing the future

direction of this study.

Understanding an Income Statement

The purpose of an income statement is to provide investors the most accurate description of the
FRPSDQ\fV SURILWDELOLW)\ seaflyHa fis€al Yudiér S rhonthR)@r &fiséaLPH X
\HDU PRQWKY 7KLV LQFOXGHV DQ HVWLPDWH RI WKH ILUF
value, taxes, outstanding shares, and how the resulting net profit is ciwbedishareholders.

But as $ated earlier, we would be dealing with operational costs. Among théntare

(a) Total RevenuesThis is the amount of money earned by selling the product.

(b) Cost of Sales (or cost of revenueEhese are direct costs of production. They may
include manufactimg employee salaries, cost of raw materials, cost of electricity and
other utilities to run the factory, packaging material, and so forth.

(c) Research & Developmerin order to consistently produce faster and better products, the
company has to spend a @tmoney on development labs, engineering resources,
prototyping products etc. These expenses are recorded here.

(d) Marketing (or selling), General, and Administratiidnese include advertising expense,
executive salaries, stock options, and any othesdbat cannot be grouped elsewhere.

(e) Income Tax Expensdiere the accountants calculate what they believe the tax rate would
be and set aside a portion of profits (revenues) to pay taxes.

Designing an engineering economy module for nanotechnology compasi@r projects)

Since engineering economy is best understood by solving problems, the students can have a

better understanding of the importance of nanotechnology in a future economy by devising

problems, and applying the procedures of economic anatiesisiibed earlier) to study them.

This will help students make educated inferences about how nanotechnology products will help

drive future marketsSample  REOHPVY UHODWHG WR WKUHH 1$6'$4 OLVWEG
below *

Problem 1

Nonvolatile Electonics, Inc. (NVE Corporation,

e NASDAQ: NVEC) is based in Edina Prairie, MN.
s Founded in 1989, the company is a market leader in
s Nanotechnology sensors, couplers, and MRAM

NYE CORFOHARATION intellectual property (Magnetoresistive Random
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Access Memory).

19(YV WH FKQ RReINats@d3iBrOacquisition, and storage of data across a broad array
of applications, including implantable medical devices, mission critical defense weapons, and
industrial robots.

7KH ILQDQFLDO KHDOWK RI WKH FR P SR itsDrodmeGtateriertU L Q
is as follows +

Year 3/2008 3/2009 3/2010 3/2011
Total Revenue $20,528 $23,372 $28,147 $31,197
Cost of Sales $6272 $6250 $7923 $9372
Research & $1487 $1218 $1121 $1269
Development

Selling, General, & $2158 $2177 $2414 $2474
Administrative

Expengs

Income Taxes $3892 $4644 $5917 $6330

(a) Based on the above data, calculate the present worth of the company. Use an interest rate
of 4% per annum.

(b) Based on the present worth, would you like to invest in the projects of thisngfp

(c) Calculate the IRR and based on the IRR analysis, would you like to invest in the
projects of this company.

WARNING: In real life, any decision on whether to invest or not, will depend on more factors
than those presented above.

Problem 2
) Nanosphere, Inc. (NASDAQ: NSPH) is a nanotechnology
: 3 based healthcare company, offering a range of proprietary
» N Y breakthrough technologies that provadenique and
AN T A powerful solution to greatly simplify diagnostic testing.
’ . w .-_-v.": i !
) & & ‘ Founded in 2000, basegon nanotechnology discoveries
N ) @{3:? 'y at Northwestern University in lllinois by Dr. Robert
» DL " Letsinger and Dr. Chad Mirkin, the company is involved in
, »'F_,"‘. e g consistent manufacturing and functionalization of gold
1 | . particles with oligonucleotidg®NA or RNA), or

antibodies that can be used in diagnostic applications to
® detect nucleic acid or protein targets, respectively.
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7TKH ILQDQFLDO KHDOWK RI WKH FRPSDQ\

is as follow$é +

DOO QXPEHU LQ

Year 12/2007 12/2008 12/2009 12/2010
Total Revenue $1167 $1366 $2214 $2026
Cost of Sales $2487 $2468 $1391 $865
Research & $21,364 $23,675 $18,607 $18,821
Development

Selling, General, & $13,443 $13,615 $14,471 $22,007
Administrative

Expenses

Income Taxes $1,977 $2080 $1257 $274

(a) Basedon the above data, calculate the present worth of the company. Use an interest rate
of 4% per annum.

(b) Based on the present worth, would you like to invest in the projects of thisstart

company?

(c) Calculate the IRR and based on the IRR analysisidwaow like to invest in the

projects of this company.

WARNING: In real life, any decision on whether to invest or not, will depend on more factors

than those presented above.

Problem 3

Veeco Instruments Inc. (NASDAQ: VECO) based in Plainvi®W, is a leading supplier of

process equipments for nanotechnology labs in

industry, university, and government laboratories.

Some of the equipments deal with metal organic
FKHPLFDO YDSRU GHSRVLWLRQ 02&¢

:/ -
/ I m Vo and solar cells, and molecular begpitaxy (MBE)
’ ; v products.

The financial health of the company (all number in

fV DV GHVFULEHG LQ LWV L®FRPH VWDWHPHQW LV DV IRO

Year 12/2007 12/2008 12/2009 12/2010
Total Revenue $402,475 $442,809 $380,149 $933,231
Cost of Sales $203,223 $251,91 $211,463 $478,370
Research & $61,174 $60,353 $57,430 $71,390
Development

Selling, General, & $90,972 $92,838 $85,455 $91,777
Administrative
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Expenses

Income Taxes $3651 $1892 $1347 $10,472

(a) Based on the above data, calculate the present worth cbfigany. Use an interest rate
of 4% per annum.

(b) Based on the present worth, would you like to invest in the projects of this company?

(c) Calculate the IRR and based on the IRR analysis, would you like to invest in the
projects of this company.

WARNING: In real life, any decision on whether to invest or not, will depend on more factors
than those presented above.

Discussion and Future Directions

This engineering economy module for nanotechnology has been designed in order to introduce

this nev innovative field to undergraduate students from an economic standpoint of view. Since
commercial applications of nanotechnology are still in its infancy, data from financial literature

is speculative at its best. Therefore, we focused solely on nanoteghmased small and

PHGLXP HQWHUSULVHV 60(fV OLVWHG DW 1%$6'$4 7KLV ZDV E
based on nanotechnology and their financial statements (and specifically income statements) is
readily available in the internet.

There willbe many advantages when such a module is administered within the existing course in
engineering economy. To begin, students will learn to comprehend the data in an income
statement, unlike a typical textbook problem where the cash inflows and outfloalseaicty
mentioned within a problem statement. Besides, the problems will help understand how
nanotechnology related products can have a sway on the markets in future. Also, the students
will learn about the vulnerability (or volatility) of staup compares.

A complete economic study should include
benefitcost analysis. But to undertake such an
analysis, one should have data on the doitdne
of the benefits of nanotechnology related
products.

For example, consider the company NVE

Corporation. TheiMRAM (magneteresistive

random access memory) intellectual property will

play a big role is saving daita a computewhen

there is abrupt disruption of power supply. This is

the benefit of their product. But in economic

WHUPYV WKH EHQHROWODRXOBOKH "W
the money saved due to prevention of data losses
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in a computer whenever there is abrupt disruption of power supply.

Since the commercial applications of nanotechnology are still in its infancy, we need to do more
detailed analysis of finamal literature to collect such data on benefits. This shall be the goal of
future studies in this topic.
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Abstract:

Progress in engineering and the life sciences, including nanotechnology artthrbigghput
experimentation, offers an opportunity for understanding material science, biologyedradne

from a systems perspective. In tpsper we propose nevgafety systenteaching approaches in

the emerging nanotechnology field of studyheyfocused on the departure from the traditional
instructional models without fully discarding theifhe elucational objectivesire to expose
students to the opeendedness nature of professional engineering discourses, to appreciate the
interconnectedness of knowledge disciplines and the multidisciplinary nature of professional
engineeringoractices, and to mstill into students with skills and knowledge which are convergent
ZLWK WKH KLJKHU OHYH OThiRhew O/ RWhick coviiDIERENR Fhe more
traditional componenrbased approach, involves the integration of biological research with
approaches from engineering disciplines and computer sciencenéthedresuls in more than

a new set ofisk assessmemé¢chnologiesRather, it promises a fundamental reconceptualization

of the environmental health and safety trainingsed on the development of quantitative and
predictive models to describe crucial processes. To achieve this chaadety culturglearning
communites (International Curriculum on Nanotechnologye being formed at the interface of
biology systems engineering and computer science. Througis thew teaching/learning
communities research and educati@an be integrated across disciplines and thellehges
associated with multidisciplinary teabased science and engineericen be addressedlhe

results show a general positive relationship between the use the learning technology and student
engagement and learning outcomes.

Keywords: Engineering edation, Nanotechnology, System saf&tyltidisciplinary teaching

1. Introduction

From macroscopic perspectiveBetemerging field of nanotechnologgpresents an integration

of concepts and ideas from the life sciencggstems biologyengineering disciplines and
computer scienceRecentadvances imanotechnologyincluding biotechnologyand massively
parallel approaches to probingiological sample, have created new opportunitiésr
understandingengineering andbiological problems from a systerpgerspective Systems safety
becomes a key component that supports the development of this new technology. For this new
technologyin embryonic developmensystem safetyed the perspective to regard the potential
of collaborativelearning and cooperative learning as strong instructional stratddgdte’s
(2009) [4], more recent metanalyses point to a number aftical conditiors that are needed to
attain a positive impact allaboration. Johnson and Johnson (1988) cite certain guidelines
that must be met to support collaboration: guarantee individual accountabsityire group
accountability, develop communication $kilmake sure that shared objectives are pursued, and
break dowrcomplex group tasks.
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Nanotechnologdpased products have emerged as the most commercially viable products of this
century because of their wigtanging utility in our daily lives. These prodadave the potential

to affect the health and safety of the industrial workforce and the general public. Nanostructured
materials such as nanotubes, fullerenes, nanopowders, dendrimers, nanoparticles, nanocrystals,
and nanocomposites are globally produdedlarge quantities due to their wide potential
applications (e.g., in skincare and consumer products, photonics, healthcare, biotechnology,
pharmaceuticals, and drug deliverjd0], [12], [13] However, the environmental, health, and
safetyuncertainties posed by these products need to be charactehimedo the fragmentary
scientific knowledge of their health and safety risWéith classical engineering training and
design, often, systems are designed and then an attempt is made tegdeasaires or to prove

that the design is safe after the fact, or to detect accident causes after catastrophic events.

The proposed approach in system safety training emphasizes the functional behavior of
collections of components working together andlds upon the more traditional approach of
studying the individual roles of single components. Systems modeling and design are well
established in engineering disciplines but, until recently, have been relatively rare in biology. To
explore the applicatio of complex systems analysis t@notechnology and public safety
concerns multidisciplinary teams of biologists, engineers and computer scientists are working
together £applying principles and techniques from engineering with concepts and algorithms
from computer science to solve probleimsianotechnology safety and medicine.

Building on the international curriculum on nanotechnology to support communication,
collaborative learning has also become an integral part of learning management systems. From
systems safety perspective, the integratiorthef international curriculurhas brought about a

new strand of educational research focusingooblic safety,computer conferencindyiology
systems,computermediated communicatioralso resulting in an estadthed research field
known ascomputer gpported collaborative learning, a new area in engineering learning and
teaching In addition,Henri (1992) [5], introduced quantitativapproaches (such as the number

of messages, level of interactioahd qualitative approaches (such as surface or deep level
processing)}o study the impact of collaboration in these online learning environmieets
ShaffandNicholls, (2004) [11].

To be truly effective, safety culture and community learning structuresbrusuilt to facilitate

the interaction of researchers, educators and students from multiple disciplines. This effort is
aimed at integrating multiple interests into one community, a community of safety practice. In
addition, educational programs mustrbeast to produce a new breed of researcher prepared and
suited to working at the interface of multiple disciplines, thereby creating a second type of
integration, a new learning community. However, several barriers must be overcome to achieve
both forms o integration effectively. Progress has been made in developing international
curriculum and building research communities at universities to approach problems in health and
safety, systems biology, and frequently these communities are built around grstddants and

their educationl this paperwe discuss challenges to and strategies for integrating students, staff
and faculty from multiple disciplines to create new learning communities at the interface of
biology, engineering and computer science.

2. A new approach to nanotechnology safetiaining

To be free of peril is a universal goal that has been common to all eras and all peoples. The
desire to be safe and secure has always been an intimate part of human nature. Humanity
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becomes technical in the ares to provide the objects and conditions necessary for sustenance
and physical contentment.

7TKURXJK WKH \HDUV WKH B&eyWaihdigv PRI PHRWKRQGRREJIDQL
safety related problems have changed in two important wayst, there is an increasing

emphasis on total process safety as compared with the traditional focuindividual

accidents, 7KLV LV PRVW REYLRXV LQ WKH YDULRXV DVSHFWYV F
relating to environmental impairment, anéwn technological risks. Second, there is an
increasingneed for formal codbenefit justification for safety related activities, including

training. In response to these needs, there is an increasing tendency of general management to
think in terms of mordormal safety related organizational training and global safety training
programs to prepare personnel to deal wWthXOWLGLVFLSOLQMPRIGHQDRDWXYUWN R
management. Unfortunately, existing safety training programs along with the safety
professionalsvho conduct them, are often not prepared to deal with this global organization
approach to safetysystematic safety training reflects the major theme of this p@perdesire

is to maintain a position of organizational credibility and to implementysaf@ning programs

in the modern management environment. Therefore, in the proposed method, an implicit
emphasis is placed on the need for formality and rigor in designing and conducting training and
behavioral modification programs (i.e., safety cultute) WRGD\fV PRGHUQ OHJDO I
climate.More importantly, it is becauséd need for congruence between safety concerns (e.g.,

safety divenGHVLJQ QHZ WHFKQRORJ\ U La\bNvandgameris bda@rgW KH G H
increasingly evident.

Based @ % ORRP TV W¢ Dijde3tRid that learning can start at any point, but inherent in
that learning is going to be the prior elements and stdgethis sense, the use of systems
concept for safety training provided new insights in the assessment tf-adieal systems.
These ew insights have led to systematic approaches to solving many safety problems and
producing significant improvements. These improvements result from thinking abosafely
problems (e.g.sloppy design unreliable performancg in new ways problem based learning
framework,safetydriven desigretc..).

In the past decadBloom's (1956, 1984)2], taxonomy of educational objectives was developed

as a tool for a variety of purposes. His taxonomy is organized from simgentplex and

concrete to abstract cognitive categories, representing a cumulative framework that has been
widely applied in educational reseaydi], [8]. More specifically, Bloom's categories reflect

levels in knowledge constructiom this study, wehave adopted% ORRP V WD[R@&R P\ DV D
about learning goals to facilitate communication across persons, subject matter, and grade levels.
Constructing knowledge implies movement from basic descriptive comments of opinion to using

a variety of cognitive strategies, such as analgsigluation and creativity1]. However, here

are conceptual and application limitations in using any taxondtay instance, Kunen et al.

(1981) questioned whether evaluation should remain as the highest level of the original
taxonomy. Former students of Bloom have revised the original taxgrdyTheir changes
especially affected the structure of the taxonoimgtead of a unidimensional structure, they
present a twalimensional table. The knowledge dimension refers to the type of knowledge
being learned (factual, conceptual, procedural, or ioegaitive).

,Q WKH RULJLQDO FRQFHSWYV Britive precBIB fivhekgiDr] Re€@R o\ sixW KH F
levels in cognitive processing. T¢econcepts are noweviewed andgresented as active verbs,

and two categories were changegdto their hierarchical position: evaluation and creatmghe

context of the preserdtudy, we examine the latter possibilityfhen, fom g/stematic safety
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training aspects, and without lost of generaliysafety engineering context where safety and
reliability are the keyswve reformulated Bloom's cognitive process dimension as spflecable

to analyzesystem safetyearning outcomessafety cultureand the cognitive process used by
students tadesign a systerwith lowest risks as low as reasonably practicaBfety system
training version of these concepts is illustrated inrkd..

Protecting

Evaluating

Analyzing

/ Understanding \

/ Comprehending
)LJ ORGLILHG %YORRPTV WD[RQRP\ IRU VDIHW\ WUDL

Note thatthere isn't a magic bullet for engaging students. We developed this approach to assess
the extent to which they engage in educational practices associated with high levels of learning
and development of safety culturd/e adopted Bloom's taxonomy to dirdbe analysis of
international curriculum developentcontributionsto system safety culture improvemeint the

present study the taxonomy categories are not only adopted to analyze the cognitive processing
level that this kind of development may providéhe present study also adopts the taxonomy as

a scripting guide for the students. Studentsn diverse disciplines enrolled in environmental
health and safety programwere asked to add to each of theisponsdo the survey questiores

label that is bsed on one of the cognitive process categories in Bloom's taxoQuegtionsve

asked were for examplavhat motivates and inspires the students who are attracted to the
program what types of careers do they plan to follow, and what specific issues@gant to

them?

This modified taxonomy attempts to account for the new behaviors and actions emerging as
technology advances and becomes more ubiquitous. The design of this curriculum describes
many classroom practices and learning objectives includiegnew processes and actions
associated with communication technologies, the exponential growth in information, and
increasing ubiquitous personal technologies or cloud computing.

3. The role of theory in nanotechnology safety training

Commercialization of natechnology will provide economic expansion and jobs but it also may
have the potential to directly impact the workforce at large from two perspectives. First, to date a
complete understanding of the health effects of workplace exposure to
nanoparticles/anomaterials is not available; consequently, safety and health engineering
technologies and best practices are not currently in place to protect the workédrbeing

along the lifecycle of nanbased products including workers in nanomanufactugimgrprises

and the environment, and public health. Second, nanotechnology may potentially be used for the
prevention, early detection, and treatment of occupational diseases (e.g., musculoskeletal
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disorders, pulmonary diseases), whose healthcare costbumdening the US and global
economies with billions of dollars.

Theory is needed to dpen he understanding of this new technology ahd associtedrisks.

The main purpose of ¢hnewcurriculumis to present an education and research framework for
the emerging interdisciplinary field of nanotechnology occupational and environmental health
and safety to advece the field with respect to)(the protection and promotion of worker safety
and health in nanomanufacturing enterprises/environmeahtcansumeipublic health, and (2

the prevention and treatment of occupational diseases through the use of nanotechnology

Nanoparticles can have the same dimensions as some biological molecules and can interact with
theseln humansand in other living organismsy¢y may move inside the body, reach the blood

and organs such as the liver or the heart, and may also cross cell merfitanas significant

efforts to establish technologies and best practices in laboratories and work environments, the
quality of life d the workforce may be affected because of potential adverse health effects of
these new materials. Further, the dispersion of nanoparticles into the general environment and
the impact of exposure to the general population need to be considered in i@g@maanner.

The expected outcomes of the proposed education and research framework ciodg,
others, 1) a roadmap and a guide for individual health and safety promotiorpraxelction
along the life cycle of nanbased products (i.e., nanomanufactgrenterprisesenvironment,
product use, and disposal activities?) establishment of focus groupgsr advancement of
integrated solutions and issues of immediate concern to indivieadth and safety in different
nanomanufacturingectors/environment/disposal activities)d health of public consumers of
nancebased products

Supplemental options that could be considered along with the proposed training produde
guidance in how to establish the proper mix of slow and rapahgeh that includes strategic
realignment with the past combined with an adaptive orientation towards the future. Of course
opportunities to develop key competencies consistent with the challenges of advanced
manufacturing, information technology, emergmgterials, and other factors is necessary.

4. A framework for the education and research program

A variety of mechanisms at universities worldwide addressing the dual challenges of
conducting multidisciplinaryand often tearbased, research projectssystemsbiology while

also educating a new breed of researchexssume leadership positions in this emerging field.

Notably, California has the opportunity to create & Zlentury multiethnic workforce to meet

the evolving and complex challenges of converging technoldgesticularly nanotechnology,
Micro-Electrc OHFKDQLFDO 6\VWHPV RU 30(06 " DQG DGYZnaFHG PDQ
ZLOO GUDPDWLFD O ankfiddu@ngldestdKidy 200M.D WH TV

The proposed education and research program is centered on the impact of nanotechnology on
occupational and environmental health and safietsn two perspectives, (Figure ZJhe life

cycle of nanebased products envisionésl depicted in Figur€. The education program will

deal with integrated solutiorsnd current issues of immediate concern to personnel who are
currently or will beexposed to nanoparticles, nanomaterials, or 4paaducts and consumers of
nancebasedoroducs. The research program will be centered on developing research ageddas
dissemination of the latest research findings as odtimé&igure 2
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Emerging
System Safety Engineering
Multidisciplinary Field
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\ 4 Use of Nanotechnology
Promote and protect in prevention and
public/workers detection of
Safety and Health Occupational and
Environmental Diseases

Fig.2 Broader objectives of nanotechnology occupational and environmental safety

At the University of Minnesota Duluth (UMD), we are finding that many students areswtdd

to and interested in joint mentorship of their research by two faculty members with different
backgroundsBy integrating fully into two research grougsd leaning how each one thinks and
approachesproblems, these students will b#niquely qualified to tackle netraditional
interdisciplinary research questioos their own. In addition, they wibe well positioned to act

as integratingagents in the communritby serving ascommunications bridges or translators
between two distinct research groups apgroaches. Together, the emerging stugeofiles

are beginning to definaiches in the educational, cultural aresearch landscape of modern
systemsbiology; the coming years will furtherefine the relationships among studersisi]Is,
classroom subjects and reseaadrieas that will further affect how learnimpmmunities in
systems biology organizBemselves.

The healthcare costs associated with occupdtemé environmental diseases are burdening the
U.S. economy with billions of dollars. In fact, it is becoming a common practice for U.S.
companies to send their manufacturing operations offshore largely due in part to the staggering
health care costs in éhUnited States. Nanotechnology may potentially be used for the
prevention, early detection, and treatment of occupational diseases (e.g., musculoskeletal
disorders, pulmonary and cardiovascular diseases). A major theme of the research program is to
provide a platform to exchange ideas on n&ealth technologies for the prevention and
treatment of occupational and environmental diseases.

The main goals of the proposed research program will be accomplished through the following
three aims:

x Provide a forum for the exchange of ideas and research agenda on nanotechnology impact
on health and environment including (1) occupational health in nanomanufacturing
enterprises, immediate surroundings, and disposal activities2poonsumer public fadth.

x Provide a forum for the exchange of ideas and research agenda on theaisete€¢hnology
in prevention, early detection, and treatment of specific occupational and environmental
diseases.

x Disseminate the latest research findings manotechnologyrelated to occupational,
environmentaland public health and safety.

These goals are translated into specific research program advances by developing a national
research agenda for the impact of nanotechnology on (a) occupational health along the life cycle
of nanebased products. Moreover, they adeal with the disseminan of the latestesearch
advances omanotechnologyccupational, environmental, and public health and safety. Topic
examples include but are not limited to, exposure assessment and quuitlim, health, and
nanchealth technologies for preventiateection andtreatment
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Note that, balancindheoretical versus experimental science, it is not unusual to find that it takes
much longer to obtain a degree in a highly experimental field than in a more theoretical field
(computer science or mathematics)rglover, in addition to academic excellence, system safety
students need to be able to conduct complicated laboratory procedures and work alongside other
researchers in large and relatively structured research laboratories. Students in more theoretical
fields tend to have more freedom when choosing the place, time and type of their work, and there
is little or no focus on manual techniques. These differences make collaborative research and
educational efforts between engineers and biologists a challergikdor faculty, students and
administrators. In addition to dealing with the academic demands, students interested in systems
safety will need to be able to move smoothly between multiple worlds and cultures.

5. Conclusion

Academia and industry alike haveuted to respond to the challenges posed by nanotechnology.
This perspective article has focused on the academic arena, where learning communities are
forming to train a new breed of system safety researchers to work effectively on
multidisciplinary teamsat the interface of various disciplines (e.g., material science, biology,
engineering and computer science). The characteristics of the emerging nanotechnology research
communities might differ somewhat between academic and industrial settings, but eve beli

that the type of researcher who will succeed in an interdisciplinary environment and the
mechanisms that hold these multidisciplinary communities together, on a fundamental level, will
be alike. When educating futuresafety system engineershe challenge goes far beyond
introducing students to theRXQGDWLRQV RI DQG ODWHVW DGYmRQFHV LC
proposed program will have a broad impact on industry and the public. The integrated solutions
for the protection and promotion of ineual health and safety will touch upon the wedling

of stakeholders exposed to namased products along its life cycle, that is, workers, public
consumers, and military personnel.
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Abstract

Designing a product to meet specific needs is the routine role of an engineer. The impact of a design
to the environment is often tes either minimized or ignored during the design procelse
environment has some capacity to cope with impact from all human activities so that a certain level
of impact can be absorbed without lasting damabewever, studies show that current human
activities exceed this threshold with increasing frequency, diminishing the quality of the world in
which we now live and threatening the wieding of future generations. Part of this impact derives
from the manufacture, use, and disposal of productshvdrie made from materials.

In this paper,integration of computer engineering analysis and sustainability anakgsised to
evaluate three alternative materials for bicycle frame as follbasboo, aluminum, and carbon

fiber epoxy The assumpbins used in the analysaveae 250 Ib(114 Kg)load on the seat tube while

fixing the head tube, chain stays, and seat stays. This resulted in all of the materials to be well
below the yield sength being under 3 MN/rrfor each alternative design. Themboo frame
experienced the moslisplacemenbf 0.06 mm,followed by aluminum witHD.016 mm, and lastly
carbon fiberreinforced epoxy with @1 mm. All of the deformations are significantly small
compared to the diameter of tubing used so ntdrang will occur during use.The eceaudit tool

is used to evaluatenvironmental impact athe alternative product designssing simplified Life

Cycle Assessment (LCA) approachThe tool identifies different phases of the product life:
material, manufacturingransportation, and disposal by analyzing the specified material that carries
the highest process energy, disposal energy, and which creates the greatest burdefloé €Cb

audit tool resulted in bamboo using the least amount of embodied energyCarmbmpared to
aluminum and carbon fiber. The material stage and manufacturing stage made up a significant
portion of the total amount of embodied energy @ for all material choices.

This approach of evaluating the sustainabilily alternative desigs can be integrated with
traditional design process taught in mechanical engineering programs. fihaiithte design of
products that have minimal environmental impact and minimum embodied energy requirement.

Keywords: Sustainability, Embodied Engrdeccaudit,andEnvironmental Impact
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l. Introduction

The development of sophisticated products and global technological advancements coupled with the
ever increasing use of naanewable resources have led to the need to consider sustainability as an
integal part of present and future developments. Also, it is important that the excessive
dependence on depleting n@mewable resources be reduced drastically. This can be achieved

with sustainability in mind during product developme8ustainability redrs to the development of
products that meet the present needs without compromising the ability of future generations to meet
their needs. It considers the environmental impact, economic viability of products, and the social
responsibility (people) of theroduct.

Bicycles are widely used in almost every part of the world and therefore it is prudent that the
environmental impact of this product be considered as one of the design criteria. Bicycle frames are
commonly made from materials such as alumineanbon fiber, and steelThe recent development

of the bamboo bicycle frame, which came second in the world bicycle raopdvasd up

opportunities to addrespiestions such as: what material and manufacturing processes used in the
production of the biagle frame produces a more eftendly product and at the same time meets

the stress criteria; which product is more sustainable?; is it the Bamboo frame, Carbon Fiber frame,
or the Aluminum (metal) frame? bicycle frame is the main component of a bieyan to which

wheels and other components are fitted. The modern and most common frame design for an upright
bicycle isa diamond frame and consists of two triangéemain triangle and a paired rear triangle.

This paper presents the use of both aunstbility analysis and computer engineering analysis to
comparehree alternative materials and manufacturing processes for making bicycle frames
(diamond frame).Eco audit will be conducted on the three alternative bicycle frafies.eco data
will include embodied energysage CO, emissionand wateusage for each alternative frame.
Then, finite element analysis of the frames will be conducted using SolidV8ofksgareto
determine the stress and deformation conditions of the frames during service.

Il. Background

To evaluate the sustainability of a bicycle frame, a simplified life cycle assessment (LCA) is
conducted. LCA traces the progression of a products life from raw materials to manufacture, usage,
and disposal; documenting all resources conswanédcemissions released at each stage of the life
cycle. The results of the LCA will help both the manufacturer and the consumer to determine
sustainability of a productThis will be facilitated with an eeaudit toolbo%. Eco-Audit will
identify the pfase of W KH S UlIReGhatresvriey the highest demand for energy, and which phase
generates the largest €@utput. Figue 1, modified from Ashbyshows a rough diagram of the
Eco-audit method.After theuser inputs several variablego the progranthe eceaudit tool draws
various data from its databases of embodied energy of materatessing energies, transportation
type, and energy conversion efficiencies, to generate the energy breakdown,dodt@int.

There are several eqgoopertiesthat the software uses to evaluate sustainabihyembodied

energy, the C@footprint, and the water usage. The embodied energyi@tefined as the energy

that must be committed to create 1 kg of usable mateki| is measured in the units of K&d. To
determine the embodied energy, the sum of the energies entering the plant in an hour is divided by
the mass of the material being produced in an hour.
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: Energiesenteringplantperhour MJ
Masf materialproducegerhour Kg

H

m

(1)

The CQ footprint of a material is also determined in a similar manner, however the carbon

emissions that are released upon creation of the material also include those created during transport,
the feedstocks and hydrocarbon fuels, and the electric posed by the plant. Therefore the final
equation for calculating the G@bot print is:

I All contributbnsof CO, production (CO,)

CO
> Masof usablematerialexiting theplant Kg

(2)

The water usage is very straight forward. Itilm@y the amount of water that is used in the
production of the product in question.
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lll. Procedure andAnalysis

Bamboo Bicycle FrameThis frame is made from bamboo with the speationsin Table 1. The

joints of the frame are formed by wrapping the joints with polytetrafluoroethylene (Teflon).
Bamboo frames are made from that which has been smoked and heat treated to prevent splitting.
For thisproductdesign, a propane torchused for approximately 10 minutes to kiaat the

bamboo in order to seal the nodes and prepare it for baking. Baking is done at a temperature of
DERXW U) IRU Figrid 2 iskaR iXustkation of a bamboo bicycle frame.

Table 1. Bambm bike frame specifications per component

Part Outer Diameter| Inner Diameter
(in.) (in.)
Head Tube 1.25 0.75
Down Tube 1.875 1.675
Top Tube 1.375 1.125
Seat Tube 1.375 1.00
Chain Stays 1.063 0.938
Seat Stays 1.00 .875
Pedal Tube 1.375 1.00

The banboo bicycle frame consists of different size bamboo tubing and polytetrafluoroethylene
(PTFE) is used to attach all the joints together. The bamboo is readily available in Ghana, Africa,
hence does not require major transportation needs from overseabamboo frame is shaped into

the designed components with basic manufacturing tools: saw, drill, descent knife, rotary tool, and
sandpaper. The PTFE that is used for the joints is formed through polymer molding. This does not
require major transportatiobecause a manufacturing plant can be found in Accra, Ghana. The
bamboo bicycle frame is disposed by combustion at the end of its life, about 10 years expected duty
cycle. The PTFE used to make the joints can be recycled.

Figure2. A bamboadbicycle frame

Aluminum Bicycle Frame.Theinside diameter othe alumirum bicycleframe is a little different

from the bamboo frame with specifications illustrated in Table 2. Aluminum frames are generally
recognized as having a lower weight than stetfipabh this is not always the case. The type of
construction used for the aluminum alloy frame is tubes that are connected together by Tungsten
Inert Gas (TIG) welding. They possess lower density and lower strength compared with steel
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alloys, however, paess a better strength-weight ratio, giving them notable weight advantages
over steel.
Table 2: Aluminum bike frame specifications per component

Part Outer Diameter | Inner Diameter
(in.) (in.)
Head Tube 1.25 1.217
Down Tube 1.875 1.842
Top Tube 1.375 1.342
Seat Tube 1.375 1.342
Chain Stays 1.063 1.030
Seat Stays 1.00 967
Pedal tube 1.375 1.342

Commonlymade from 6061 Aluminum alloy tubiraind aluminum filler rodthey ardormed

through the process of extrusioRigure 3 is an illustration oflaminum bicycle frame Hot liquid
metal is poured into a die where it is then quenched to produce the desired hollow tubing
dimensions. The tubes are joined together by TIG welding the same material aluminum, but in
filler rod form, around the two facés be held in place. The aluminum filler rod is made by pulling
wire through a single drawing di@.ransportation demands will be higher than bamboo, since they
are either imported or transported from Accra, Ghanahéend of the predicted 10 yedeli

cycle, each component may be recycled.

Figure3: An aluminumbicyclefra.me

Carbon Fiber Reinforced Epoxy (CFRE) Bicycle Fran®~REis amongthe latest material
commonly used for bicycle frames. Unlike bamboo alininum,CFREIis a composite corsing

of carbon strands pressed together in layathin an epoxy It can be shaped into interestiagd
aerodynamic forms; thereforiéjs common to see carbon bike frames composed of teardrop, flat or
wing shaped tubes rather than the perfect cytsxdeed in steel bike frames. CFRitke frames are
sometimes built as a single solid piece and they are sometimes built from individual tubes joined
together with lugs much like a steel or aluminum fra@EREIis very lightweight and can be made
very stif. Due to the aligment of the individual fibers, CFRiEames have a more distinctive grain
structure This allowsit to have different amounts of stssin differentdirections andavill stiffen
nonlinearly. AlthoughCFREis strong and stiff, a deeggratch or hard bump can compromise the
structural integrity of itdrame, making it prone to catastrophic failure.
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CFREFiber bike frames needs a Polystyrene frame core for the carbon fiber to be wraloped.

with the frame core and carbon fibgamepoxy must be laminated in between the two components
and around the joints to give the closely packed fibers the strength and rigidity it needs.
Transportation needs f@FREDbicycle frames will be very high since theaterial is noteadily
available inthe Ghanaegion it must be & freightedfrom overseasThe product has a life span of

10 years where at the end of its life cycle the carbon fiber components will end up in a landfill and
the polystyrene core will be recycled.

V. Results and Discussion

Sustainability Results of the Three Alternative Desighisalysis with eceaudit software shows

that aluminum bicycle frame has highest embodied energy of 54000 kcal compareiEo

bicycle frame with 44000 kcal. The bamboo bicycle frame has the lewdsidied energy of

34000 kcal as illustrated in Figure Zhe energy consumption at the material life stage of the three
materials dominated the percentage of total energy consumption; about 86% and the other three life
stages consumed only 14% of thet@mbodied energy. This information has a vital implication

that a designer can focus on optimizing the material selection in order to design a sustainable
product since the other life cycle stages will contribute small percentage of energy consumed

Energy Comparison
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Figure4: Embodied aergy comparison dhe three alternative designs

Similarly, the CQ HPLVVLRQV DW WKH PDWHULDO SURFHVVLQJ OLIH V
cycle emission, comprising about 82% of the total estimated emissions. Tleeging of bamboo

frame has the least G@otprint of 16 Ib, followed by CFRE with 23 Ib GOAluminum bicycle

frame has the highest ammwf CQ, emission of 28 I§12.7 Kg)CO; as illustrated in Figure 5.

Processing of the bamboo joints with Teflopda actually contributed 15 (6.8 Kg) out of the 16

Ibs (7.3 Kg) CO, emission by bamboo bicycle frame. Bamboo has the leastdo@rint

compared to the two other alternative designs because the Teflon emits 15 of the 16 total Ibs of the
CO, comparedd the carbon fiber frame that lets off @Kg) of the 23(10.5 Kg)Ibs and the

aluminum frame releases 22 of the 28 Ibs.
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Figure5: CO, comparisorof the three alternative designs
The bamboo and the aluminum frame have a higher embodied energyraartbfacturing stage
because of the energy used to make the joints (wrapping, extrusion and weltay)s of data
from analysis of the three materials are shown in Tables 3, 4, and 5.

Table 3: Carbon fiber eeaudit results

Energy Enegy CO,
Phase (kcal) (%) CO;, (Ib) (%)
Material 4.45E+04 81.3 23 78.2
Manufacture 1.00E+03 1.8 0.71 2.4
Transport 9.15E+03 16.7 5.66 19.2
Use 0 0 0 0
Disposal 101 0.2 0.0654 0.2
Total (for first life) | 5.47E+04 100 29.5 100
End of life potential| -5.80E+03 -1.65
Table 5: Aluminum ecauditresults
Energy Energy CO,
Phase (kcal) (%) CO; (Ib) (%)
Material 5.39E+04 92.4 27.6 90
Manufacture 4.20E+03 7.2 2.91 9.5
Transport 54.1 0.1 0.0354 0.1
Use 0 0 0 0
Disposal 173 0.3 0.112 0.4
Total (for first life) | 5.83E+0! 100 30.7 100
End of life -4.90E+04 -25.1
potential

Results of the Finite Element Analysis of the Frames

The bamboo bike frame stress analgsiewsa maximum stress of 2.8 MNfmwhich is well below

the yield strength of 38 MN/n? as shown in jure 10 The maximum displacement of 0.06579

mm occurred at the seat stay and seat tube joints but is not a value that will result in fradturin

any of the tube or joints as shown in see Figure 11. The factor of safety for the bamboo bicycle is

14.3,which means that the frame can undetd@ times the 250 Ifill14 Kg)load set on the seat
tube.
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Figure 9:Bamboo design frame
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Figure 6.1 Bamboo maximum deformation | Figure 6.2 Bamboo maximum stress deformati

4.2.2 Aluminum Simulation Resultswith 250 Ib (114 Kg) Load

The aluminum frames constructed out of 6061 aluminum alloy has a yield strengtth fNg%5n?

and through the simulation express wizard on Solid Works produced a max stress at the same
locations of the bamboo frame aBaM N/nt as illustrated in Figure 1&nd a max displacement of
0.016456 mm, which still is not a defornwet that will cause any failure as shown in Figure 14.

The factor of safety for the aluminum bicycle is 19.9 so the frame can withstand 19.9 times the 250
Ib (114 Kg)load initially tested on the frame. The factor of safety is higher than that of bamboo
frame.

Figure12: Aluminumframe design
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Figurel1l4: Aluminum naximum displacement

4.2.3 Carbon fiber Simulation Resultswith 250 |b (114 Kg)Load

The carbon fibeframeis similar to the bike frame constructed from aluminuloyain that the max
stress of 27 MN/m? is well below the yield strength of carbon fiber which is 809/m? as shown

in Figure 16 The maximum displacement is not a concern as well as it is only 0.01028 mm
occurring at the same joints of the bamboo and aluminum freeeeFigure 17. The factor of safety
for the carbon fiber bicycle is 248.9 so the frame can hold up 248.9 times t{iE123€0g)|b load
placed on the seat tube.

Figure 15:Carbon fiber design frame
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Figure 17: Carbon Fiberawimum displacement

V. RECOMMENDATION AND CONCLUSION

5.1 RECOMMENDATION

Since the assumptiontisat the production of the bicycle frame is in Kumasi, Ghana, the data
indicates that it takes relatively lower embodied energy from ctaeleath for the frame to be

made frombamboathan aluminum and carbon fiber composite materials. The biggestrpoftibe
embodied energy used to produce the three alternative designs is in the material phase. Aluminum
requires the most amounts due to the extrusion and welding to produce the final product, followed
by carbon fiber in second as it requires a lottt#rdion to successfully construct the frame.

Bamboo material uses the least amount of energy emitted in the material phase because the adhesive
is the only component affecting the final product. Also, the data indicates that theQgtal

released intohe atmosphere for the bamboo is almost half the amount compared to aluminum and
carbon fiber. Therefore, the bamboo bicycle frame is the most sustainable and durable design to
that of the aluminum and carbon fiber bicycle frames.
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5.2 CONCLUSION

Desigring and analyzing bamboo, aluminum, and carbon fiber bike frames using Solid Works and
eccaudit tooling resulted in a thorough data stress analysis while also showing the carbon and
energy footprint from raw materials, material production stage, prodacind disposaDue to

the difficulty of conducting engineering analysis of the different joints that the alternative bicycle
frames using Solid Works, all the designs are assumed solid at the joints. Hence, the analysis is
focused on materials.

It can be concluded from the FEA and EAadit results and analysis that bamboo material being
used as a bicycle frame will be more sustainable production than aluminum and carbon fiber
composite in Kumasi, Ghana. All of the three alternative designs metehe and displacement
requirements so their sustainability comparison proves to be the next best criteria for deciding
which materials and design to go with. The data presented in this document shows the facts on why
bamboo is most sustainable as thaltembodied energy ar€iO, emitted is significantly less than
aluminum and carbon fiber bicycle frames. Combination of the CES EduPack software and the
Solid Works software will be very valuable in designing both sustainable and robust engineering
producs. Designing and meeting the present needs to have a sustainable product while not
compromising the future needs is a big issue and by considering sustainability at design stage, the
planet, people, and profit can all progress to a better world.
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Keeping an Engineering Economy Course Inline With the Practice of
Engineering

William R. Peterson, PhD, ar@@uanghsu ChandPhD
Department of Automotive and Manufacturing Engineering Technology
Minnesota State University, Mankato

Abstract:

This paper addresses a perceived gap between the use of spreadsheets in the application of
engineering economy concepts and tools in the classroom and in the workplace. Of particular

concern is the use of tables in teaching the material and their absanabd workplace. The

SDSHU LV EDVHG RQ WKH DXWKRUVY H[SHULHQFH LQ WKH ZRL
managers and in the classroom teaching engineering economy at both the graduate and
undergraduate levels. The authors also present thesre$tdtaching the course using

spreadsheets exclusively.

Background:

As suggested earligihe use of spreadsheets for engineering economic type calculations is the

norm in the workplace Even in 1980 practitioners were writing simple programs in Basic

other programing languages to calculate internal rates of return (IRR). In one instance which one

of us was involved with, the calculations were done on a single board computer (an Al 65).

this instance once the program had been written and sall/#tht was required was the an input

RI WKH DQQXDO FDVK IORZV DVVRFLDWHG ZLWK D SURMHFW L
until the net present worth was zero (assuming that the project started out at an interest rate of

zero and gave a posigwalue. While seemingly crude, it allowed the cash flows to be irregular

(which is extremely common in practice) and (assuming correct input of the cash flows) did not
PDNH PDWK HUURUV :KLOH WKH SURJUDP FRXOG KDYH EHHQ
algorithm, it met the needs of the using organization.

$W WKH VDPH \Wafdisof Busingss Administratiorjandheld calculators were
becoming available to do basic financial calculations such as find the payment or{R) véh
interest (i) angeriod (n) based on the same underlying calculation in the tables is as a lookup
YDOXH IRU 3% 3 L Q°

By 1990 spreadsheets, such as Lotua, Band Quattro, were readily available on personal
computers (and larger computers) with built in finanaigroutines (which basically calculated

the factor based on the i and n and then did the multiplication). There was even a subroutine to
find IRR based on a cash flow (which basically did the same incremental asarctine AIM

65 example.

Engineering Eonomy continues to use the table approach with the texts being based on the
tables with supplements and extensions in the chapters to address the use of spreadsheets
(typically Excel). This has several reasons, but the most valid one in our opiniontietha
Fundamentals of Engineering (FE) Exam is setup to use the tables for the engineering economy
problems.
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An Engineering Economics Courseavithout Tables
Teaching and engineering economic course without the use of tables requires that certain issues
be aldressed in course preparation and design. These issues include:

1. If the students are to eventually take the FE exam, how will they be prepared to use tables

to address the problems they will need to do on it?

2. How will the students access the spreadshadtsei classroom?

3. What text will be used since the texts use the tables?

4. What are the outcomes desired?
In the course we designed (and in an interim course in which project management and
engineering economics were combined) we addressed these issulesvas fo

The environment in which our course was offered was in an engineering technology program in
a state where the engineering technology students are not automatically eligible to take the FE
exam. Thus to a certain degree, Issue 1 above relestint. But to address this issue in a wider
context, many programs do not include a course in engineering econamgbscovers 8% of

the exam for industrial and mechanical engineers for exdniiese programs typically rely on

the material need toodthe engineering economy problems on the FE baargred in one

session (3 hours more or less) of a review/preparation course. This seems to work to the extent
needed for the FE.

As to Issue 4 above, assuming the outcomes do not include Issue 1ekenfsEhen may vary.
The ones for the course we were designing are as f@lmicourse wadVv L Wi©jetG 33
Valuation” :
1. Explain the role of Engineering Value Analysis and it's connection to Project
Management
2. ldentify types of projects incorporativglue analysis, such as make vs buy, new product
design and development, product and process improvement, facility and infrastructure
3. Understand costing approaches and applications such as activity based costing versus
traditional costing
Discuss and applthe concept of Overall Equipment Effectiveness (OEE)
Measure the project outcomes to organizational goals of cost, quality/performance and
time.
Create and apply payback models and analysis
Develop Learning Curves and for their systematic cost influence
Gather key inputs for eapital project justification (CJP) proposal
Identify project evaluatiotechniques to include NPV and IRR
10 Assess, calculate, and applye time value of money
11.Investigate, present, and discuss industry investment alternatives
12.Prepare and present a persuasive oral and written Capital Justification Proposal

ok

© 00N

While items 1, 4, and 5 above are course specific, item 10 is the cornerstone of engineering
economy, and it is hard to imagine an engineering economy course without item3. 6tan

3,7, 8, andl1 are items which should be most engineering economy cpanskgems8 and12
arewhy we offer the coursét the awarding of the degree this is where the graduate will use
what he/she learned. This is also why we believe spreatishre a better approach since we can
use real world problems which have irregular cash flows in lieu of the regular cash flows in
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standard text problems. We can use geometric gradients which seem to occur in practice in lieu
of the contrived arithmetigradients which we can handle with tables but do not see in practice.
Additionally, in practice the major effort is represented by item 8 which in the typical text is
given and is implied to be trivial.

Items 6, 9 and 10 are where spreadsheet calaudatie done in lieu of tables and where this
particular course approach differs from one using tables. While students need to understand the
underpinning of what they are doing when they use a program (in order to ascertain of the
SQRXPEHU™ RXW SX)\thiskcBnNbel a6 aasllypdone with spreadsheets as with tables and
maybe with more meaning since thasis is simplertever cash flow entry (Glris worth, in

terms of present valu®¥,), CR/(1+MARR)", where MARR (Minimum Attractive Rate of

Return) isthe interest rate which makes an investment valuable. This equation can be used to
learn the concept prior to moving on to the functions (which do thevalme added
programing/calculationgjust like the tables).

This is where issue 3, which text boakuse, becomes relevant. Sincettd buildsknowledge

off of the use of the tables to solve problems, even if the lecture does not use tables, the supplied
resource does and this is where the typical student goes to walk thru a homework problem.
Havingused a book as a supplement previously, we decided to not use a text book for this
course. This is not a valid solution for all. In this instance the instructor had taught the course for
over 15 years and writes in the area. Since engineering economicalliyas service course

and assigned as such, for this approach to work universally, a text will need to be developed for
many instructor to be comfortable with this approach.

Issue 2 probably requires either a computer classroom or access to a lagdeop btudent. In

this instance the course was taught in a computer classroom with one computer per student. This
should be less and less of a factor as we believe the laptop (or its equivalent) will soon replace
the graphing calculator as the standard tooan engineering student (just as the slide rule once
was).

Teaching the Course

The course has been taught twice (Fall 2010 and Fall 2011) without a text and using spreadsheets
as the tool for grblem solving. Both semesterase problenfavere used aa significant source

of problemsThe first offering had twelve students and the second hadadixn the program

who were eligible. While these were small classes, in actuality the class of twelve was easier to
teach than the class of six and 20 toa2fuld be acceptable (we have taught other hamds

classes to include programing classes with these numbers).

The grade outcomes were normal (one D and one F in the first off@tingoth grades reflect

not taking one of the three exams in the coutsee student dropped the class in the second
offering) with average grades of B+ and B. The learning/knowledge outcomes were judged to be
good.The course evaluatiory the studentarere3.90 and 4.20 (out of 5).
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Engineering Targeted Project Design inKinematics andControl Classes

Debao Zhou
Department of Mechanical and Industrial Engineering
University of Minnesota, Duluth, MN 55812, USA
Email: dzhou@d.umn.edu

Abstract

Labs and projects will bdaeimportantwaysto solidify the knowledge learned from classes
since hand®n work can help the students understand class materials Aekieematics and
control lab class has been o#din the Department of Mechanical and Industrial Engineering
here at the Uniersity of Minnesota, DuluthThe projects in class have been designed to solve
actual engineering problemBhrough the projecfthe students withot onlyuse the learned
knowledge to build creative productsut alsahe studentanunderstand class neatals better
and accumulate more interest in class knowledge. By builgiigis positive feedback, the
learning achievements can be maximized.

1. Introduction

Kinematics and control classfocuson the design and controf mechatronics systems with
multiple degrees of freedom. kinematics class, both the design and analysis of planar and
spatial linkages have been emphasized.cléssis mainly concentrated on tiséudy of the

posture, velocity and acceleration of complex linkagég.SystemDynamics and ©ntrol class
provides the method to describe the dynamics of a mechanical system and the method to control
its behaviorsBeing offeredlabs onkinematics and control, the studen&éhave the actual
opportunity to use the knowledge amactualsystem. However, since all the labs are pre
designedandthe students just followed the lab procedure, they still didutigt understand how

to apply the knowledg® actualmechanicakystem.This isfound outvia the communication

with the studentdn order to make the students able to apply what they have learned from class,
a project is desiggd during the kinematics and control &@ hrough solving the problems they

find in their everyday life, the students know exactly where the problems avehatithey have

to come out to solve them. After thegveapplied the knowledge and found how useful the
knowledge isthey are excited about what they have done and build more interest on the class
learning.

2. Project DesignRequirements

For the projet; the students are just asked to design, analyze and demonstrate a mechatronics
system and provide evaluation to their final product, such as the analysis of the velocity,
acceleration and position trajectory of a kinematic system and/or the analysspeftormance

of their control systemThe students are suggested to finishrttiesign in three weeklts/ using

totally 6 hourqtwo hours in each wegkOne group is formed by two students for discusdion.

the first week, they are asked to do an extensive literature survey and find out what they want to
build. In the second week, the studemted to have a cleaketchabout what they want to build

and have the necessary components ordered. In thevide&l the students are required to
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assemble their design and demonstrate how the design works. The students are also asked to
prepare &omprehensiveroject report which includes introduction, literature survey, design
description, results and discussermd conclusionFinally, the students will be askeddwe a 10
minutes presentation to introduce their design to the whole class.

Someequipmentas been provided to the students. The first set of equipment is a kinematics kit
[1] as shown in Figure. This kit includes a stepper motarumber of different links. The motor
with control circuit is fixed on the white panel as shown in Figure 1. On the white panel
distributedtapped holesvith equal distancelhe second set of equipmes@aDC brushmotor

system with related data acquisition card, amplifier, power supply, function generator,
oscilloscope and a computer with Matlab/Simulink as shown in Figure 2. The students are
provided with the flexibility to disassemble the two sets of equipment to thidowndesign

Figure 1, Kinematics kitstepper motor is inside Figure 2, Motorandrelatedequipment
the box includinghardware/software.

3. Typical Projects

In order to make the students finish the project in only 6 hthesnstructosuggestethe

students should considene degree of freedom systamfirst priority such that the mechanism
can be directly driven bthe providedmotors. Number of joints and links can be involved to
achieve irregular or desired motiofhe instructomalso required them to make their design
meaningfulto fulfill certain engineering jobPue to this loss requirement and the connection
with engineering, the instructor can feel tha studentbave great interest on the project design.
They built a lot of interesting projectSome of the projects are illustrated below.

3.1Control Concepts: Pojects Involving Direct Motor Control

Although you may think that a mechanism waite degree of freedors simple since it can be
directly controlled by a motor, the students can verify the control theory in much easier way and
they can concentrate on the understanding of the control thiemrgalizethe goal of real
application, some students came out some wonderful ideas to apply thmatasials, such as

the all balanceoroject,light following for solar chargeproject, watering from a cup project,
elevator simulator projecegtc.
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Thedesign of théall balance project is shown in Figure 3, whiaeorientation of a long beam

is drectly controlled by a motor and the motsrcontrol by a PID controller. A Sharp

GP2YO0A21YK wide distance sensing optoelectronic sensor is used to feedback themgng

EDOO SRVLWLRQ 7KH SURMHFW XVHG D =HLJOHIU 1LFKROTV 3
balancing results. This is a wonderful example to apply class learned technology to solve

engineering problems.

Figure 3, Ball balancing project. Figure 4,Light tracking forcharging cell hone

Another group of students used the direct control methoebl@ethetrackingof sun light such
thata cellular phonean be charged through a solar paméke system is shown in FigureAl.
stepper motor was controlled by a microcontrolID controler is used in the microcontroller
The controller data are downloaded to the microcontrisben a personal computer after the
tuning on computerThe feedback iBom a light sensor which is just beneath the solar pasal
shown in Figure 4

After taking System Dynamics and Control class, the studevislearnedthe basis of the
classiccontrol theories. However, they do not know how to apply them. By designihg
controlling amechanisnthemselves, the students hakestrong feeling abduvhere the
controller is and how the controller works. This will build strong memory that they will never
forget. Tuning in actuaprojectsis the best way to gain and understand PID control theory

3.2KinematicsConcepts: ojects Involving CraniSlide Mechanism

Complexplanarlinkages are involved in Kinematics clasgheretheanalysis orposition,
velocity and acceleration may not very appealing to tlBmwhen complex trajectory is
involved,these planalinkages are very usefuloBeof thestudens decided to realize some
planarlinkages and assign them actual applications. Two of the exartipeaw mechanism
andtheloco linkage are shown below

,Q WKH vDZ SURMHFW WKH VWXGHQWVY WKR Xl kbtwrtV WR DXWR
saving The slide crank mechanism learned from kinematics class will be an ideal cafatidate

this applicationBut the students did not stop after building this mechanism. dlseydid the

kinematics analysis for the systefinrough this experiencéhey know how to apply the learned
knowledge to a real problerAnother group of students apply an acceleromé&®X(321EB

DualAxis Accelerometefrom Analog DevicsInc. [3]) on the tip of the slider to measure the

actual acceleration. Then the grouprpared the obtained acceleration with the calculated
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values using analytical method and the simulated acceleration from Solidworks Motion analysis
VRIWZDUH $IWHU WKH FRPSDULVRQ ZKDW WKH VWXGHQWV F
project, they havenuch better feeling about the theoretical linkage analysis.

T -

Mot o ol -

Figure 5, Saw project. Figure 6, Loco motion with acceleration semns

v
Gemewa Mecharism = . ¥
ot Dispensing Mecharism

R~

Cam Follewer

Figure 7(a), Mechanism illustration of the ~ Figure 7(b), Geneva mechanism with woode
candy dispenser. ) base.

Figure 7(c), Candy dispenser mechanism.
3.3 Projectsinvolving Complex Mechanism

Some students put their vision even further and they want to try more complex meshanism
Candy dispensas one of the examplelat |want to show. The candy dispensecapable of

storing different kinds of candy. It can dispense the candy at variable speeds depending on what
the control signal is set to. This is useful for a college student who likes a little variety in their
junk food. This mechanism is a fairly compleachine that utilizes both Geneva mechanism

and a cam with an offset followgt]. There is only one degree of freedom in this mechartsm.
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was designed by first setting up the basic drive mechaniskinematics kit. Above the cam

was the drive portio of the Geneva mechanism, which was fastened to the cam and hence driven
by the motor as shown in Figure 7(a). The Geneva mechanism with the wooden base is then
assembled as shown in Figure 7(b). Figure 7(b) also shows how the dispensing mechanism lines
up with the hole in the base. This hole is where the candy containers line up with for the ! of the
time that they are not in motion. As thercturn, the dispensing mechanism moves back and

forth with the follower Whenthe cam reaclesits maximum displacement, a piece of candy is

able to drop in the hole in the dispenser that begins to line up. Underneath the dispensing
mechanism there is a stop that keeps the candy from falling all the way out of the machine while
the can is at its maimum displacement. Then as therceeturns to the position of no

displacement, the candy is able to drop out of the dispenser and into the serving dish.

7TKH FRQFOXVLRQ IURP WKH JURXS RI VWXGHQWY LV $ZH IRXQ
into the material we have covered in our kinematics class. It wouldtedo see our machine
LPSOHPHQWHG LQWR D UHDO OLIH DSSOLFDWLRQ ~ ,Q P\ RSLC
where a patent can lapplied

Beyond tleseprojecs, thewalking spider project, bbstacle avoiding robgdroject nitinol

powered walkeproject and many otherare very creative and interestilgmong them, the
obstacle avoiding robaton the third face in the2010 ASME Student and Mechanism & Robot
Design Comptition [5]. All these projects are inspired from engineering probkland in reverse,
helped the students understand class matéxédier.

4. Conclusion

A project can help the students understand class materials better. An engineering targeted project
can even build more interest for the studentsnderstandhetheoretical study in clasét the

same time, engineering targeted project can generate creative ideas. Thus we should encourage
suchprojectactivitiesfor students to combine thalasslearning with actualengineering

problems.
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Academic Versus Industrial Senior Design Projects

Michael A. Rother
Department of Chemical Engineering
University of Minnesota-Duluth

For the past seveyears, the Department of Chemical Engineering atuthiwersity of
MinnesotaDuluth has used inddrially supplied projects in itsenior capstone design sequence.
The change wasmplemened from academic tindustrial projects as a result of an ABET
recommendation to increase timeultidisciplinary experiences of the student8y ABET
definition, anindustrially supplied project is considered multidisciplinamhe department does
not chargecompanies for the student work. Instead, companies are solicited to ppovjielets
voluntarily.  Of the forty industrial projects completed, all havween obtained through
departmental contacts, alumni or current studeutis coop or internship experiencé able 1
summarizes the raw data since the change to industrial projects.

Academic Year: 2005
Group No. 1 2 3 4 5 6 7
Company Windswept | WLSSD MPCA WLSSD Sappi Cargill WLSSD
TOpiC Al,O3 Bio H, Waste HO Bio H» Black Lig. | Energy Int.| CHy, prod.
Source Student | Dept. | Alumnus| Dept. Dept. Student | Dept.
Implemened? No No Yes No Yes Yes No
Academic Year: 2006
Group No. 1 2 3 4 5 6
Company Dul. Steam Sappi Faculty | Wasau Papel CHS Oilsd. Sappi
Topic H,O Pretreat.| Sludge Disp.| Orphan Drugs| Waste HO Energy Int. | CIO, Prod.
Source Alumnus Dept. Dept. Student | Alumnus Dept.
Implemened? Yes No No Yes Yes No
Academic Year: 200G
Group No. 1 2 3 4 5 6
Company MN Power| SSOE, Inc.| (Verso/NRRI) | Dul. Steam| Sappi WLSSD
Topic Hg Reduction | Bijodiese| | Wood to EtOH | Hotel Heat| Anaerobic Dig. | CH, Fuel Cell
Source Alumnus Student | Dept./Alum.| Alumnus Dept. Dept.
Implemened? Yes No No Yes No No
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Academic Year: 20078

Group No. 1 2 3 4
Company EcolLab Dave Stark CHS Sappi
(Local Consultant Oilseed
Topic Tank Design House Design Miscella Hemicellulose
Solvent Extraction to Ethanal
Source Dept. Dept. Dept./Alum. Dept.
Implemened? No No No No
AcademicYear: 20089
Group No. 1 2 3 4 5 6
Company MN Power| CB&l LSB Brewery |  PolyMet Arkema Sappi
Topic Fugitive Dust | Gas Plant| Carbonation/En;  Acid Capture Reactor Digester
Integration Column Scrubber
Source Alumnus Student Student | Dept.Alum. | Student Student
Implemened? Yes No No Yes Yes No
Academic Year: 20090
Group No. 1 2 3 4 5 6 7
Company Fond Verso Cargill N/A Sappi Barr MPCA
du Lac
Topic Biomass Energy Optimization DME Recovery ~ Zero Phos.
Gasifier Integration C[g)gsvec‘atg:m Production Bolier Lig. Disch. Removal
Source Dept. Student | Student | Student | Alumnus| Alumnus| Alumnus
Implemened?| Yes No Yes N/A No Yes No
Academic Year: 20101
Group No. 1 2 3 4 5 6
Company Fond Fond du N/A Sappi Graymont Barr
du Lac Lac
Topic Bionjz_ass Wood Pellet Wood_ Tall Oil Energy Tank [_)e_sign
Gasifier Plant Torrefaction Prod. Integration Permitting
Source Dept. Dept. Student Student Student | Alumnus
Implemened? No Yes N/A No No No

Table 1: Summary of senior dgs projects over the last sevgears.

1. Obtaining Projects

In mid-summer, as the instructor, | contact a variety of alumni and company
representatives recommended to me by other faculty members about the possibility of sponsoring
The email contains d Hdescription of project
requirements and the obligations of the industrial liaisons, as well as a disclaimer about student
work being free of charge. In addition, the message informs potential sponsors that the demand
on the contact personill be less han an hour a week, with the students asking most of their

a design project in the coming year.
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guestions either at the beginning or toward the end of the spring semester. In general, the
response to this first solicitation is wealknd understandably so, since engineers are busy and
not looking for added responsibijitwith little obvious benefit. By the beginning of the fall
semester, one or two projects may be lined up. Often, these are projects left over from the
previous year.

Typically, once a company has supplieg@raject, it is wlling to partiapate again.For
example, | generally count on Sappi and Duluth St¢see Fig. 1) which are both within
driving distance of campus, to supply some work for the studentsh@hdcompanies often
have several project options. In Octobie Industrial Advisory Committee (IAC) meeting
takes place. Since the IAC consists predominantly of alumni, | make a public request for
projects and then poll individual members as opportunity allows. By the end of November,
when students are presentbd available projects, the rigged number of alternatives has been
obtained. However, it is not unusual for me to be working out details the week of Thanksgiving
on one or more projects.

Figure 1: Sappi Fine Paper @loquet, MN (left) and Duluth Steam Cooperative (tfjgh
have preided 10of 42total projects in the last sevgaars.

One important source of projects is the students themsdByetheir senior year, most of
the students have completed an interngrigoop and have good industrial contacts. At the
beginning of fall semester and several times thereafter, | mention to the class the advantages of
obtaining their own proms. As Table 1 shows, about%83f the projects over the last seven
years were @anged by the students. The CHS Oilseed project in-BQB&e Table 1fould
perhaps be added to that number, since a student solicited an alumnus for thehestudent
obtained projects can work out very well, since at least one student is veglthva the topic.
On the other hand, that one student often dominates the group.

As a point of information, it should be mentioned that students are not forced to take one
of the projects on the list presented to them. They may try to obtain oheioown, if they are
strongly opposed to their choices. However, | give them a limited amount of time to make their
contactsafter November, since they have already been given ample oppartutityir other
option is to do an academic project with a@dieone reactor and twseparation steps. In the first
five years,no group chosan academic project, although the Verso/NRRI project in Z0(3&e
Table 1) amounted to an academic project when the group and company made the mutual
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decision tostop theoriginally suggested work on bleawhater treatment.In the last two years,
two groups did academic projects, both of which worked out very well.

The issue of why its difficult to get new industrial sponsoremains tand whether a
better solicitatio method exists. As discussed above, the difficulty seems to reflect an attitude
on the part ofndustry that the company liaisons will have to do a lot of work for little or no
benefit. Another concern which potential sponsors often express is that ehdicl material in
any project offered would be proprietary. Since the final design reports are in the public domain,
many times companies decline to participate on this basis alone. To get around this obstacle, |
generally point out that we can chargpecific numbersn the reports, so that there would be
two versions, one for the company and one for the university. In several of the projects which
have ben completed in the last sevgrars, some process information has been omitted to
satisfy indugtal interests.

2. Characterizing Projects
Granted thathe sample is relatively small, with sevgears of experience it is now

possible to make some observations about the switchover to industrial projeicss, as
mentioned above, we noddmost all projecs come from departmentalumniand/or student

Biological
—— 5%

Energy
26%
Environmental
37%
Paper —
32%

Figure 2: Breakdown of projectby area.

contacts. In other words, no projects have come from cold calling. Second, given the location of
the university in northern Minnetg most of the projects have been either environmental or
paperrelated. Figure 2 provides a rough breakdown of the projects. Some of the projects could
be classified under more than one area, since the divisions are not mutually exclusive. For
example the Wasau Paper project from 26®5nd several of the Sappi projects could be
categorized as both papelated and environmental or even biological in nature. Moreover,
some of the Western Lake Superior Sanitary District (WLSSD) projects are botbrenental

and energyelated.
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The relevant point, however, is that the vast majority of the projects do not involve
making a final chemical product. Tidphan Drug project involvepharmaceticals on a batch
scale, so it wa essentially specialty chéals. The Windswept Energy projecbncermed
production of alumina from anorthosite but developed into a study of the feasibility of wind
energy. One of the Sappi projects investigated alternatives for production of chlorine dioxide
(ClO,). However, tle chlorine dioxide is an intermediate used in the bleaching process and is
not sold. Several of the WLSSD projects dealt with hydrogen or methane production, but the
goal was to feed the gas into a fuel cell to produce energy for use on site or salgrid. tfihe
Verso/NRRI project involved batescale production of ethanol from wood for use in fuel. The
ethanol production was driven by concerm fenewable resources in energy and had mixed
economic results.Only the SSOE, Inc. project to make bieskl(and possibly the woetb-
ethanol projectvas a true continuous process to make large quantities of a chemical product.
Although biodiesel may turn out to be an important gasoline alternative, the project was clearly
driven by Minnesota law and suddg. In other words, biodiesel is not yet a commodity product
in the traditional chemical engineering sense, such as petroleum products or polymers.

The types of projects which have been completed to date may reflect the changing nature
of chemical engieering itsé or the location of UMD as mentioned above. However, an
attempt to obtain a wider variety of projects may be in order.

3. Evaluating Projects

Experience with the industrial projects has been mixed. The previous acgdejaats
were rigorous and provided a true capstone experience incorpokatowjedge gained in many
of the undergraduate coursedDesign of a novel process involving one reaction and two
separation steps was requirebhe industrialprojects are typically not afemanehg or as broad
in scope. In fact, less tharof the foty industrial projects could be considered to satisfy the
previous academic requirements. Moreover, two of those projects, the Orphan Drug and
Verso/NRRI projects, were quastademic anyway. Hhb is, the Orphan Drug project was
sponsored by a faculty member and the Verso/NRRI project turned into a sdusientstudy
on production of ethanol from wood on a batch scale.

A Block Flow Diagram from one of the industrial projects is provided guid 3.
Although the example is an extreme one, it does illustrate some of the problems that can be
encountered. The scope of the project involved switching over from a solid nutrient feed system
to a liquid one for a rotatingiological contactor wasteater treatment system at Wasau Paper.
Essentially, the students needed to get some vendor quotes for the appropriate liquid nutrients
design some tanks with piping, and do the economics. | asked the group to do some work on the
necessary control systemihich was an interesting problem. However, Wasau Paper was
satisfied with their existing controls, so it was difficult to motivate the studdiis.project was
not a capstone experience.
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Figure 3: Block Flow Diagram from Wasau Pap@oject (See Table 1, 2045.

With the industrial projects, the students do gain practical experience dealing with
vendors anaontacts from the sponsoring comparBecause the students do not actually work
for the sponsors, vendors are sometimes Uingilto provide quotes, since they expect no
purchase to occurl tell the students to obtain permission from their industrial liaisons to say
they represent the company or ask the liaison to obtain the quote him/h@mselproblem that
sometimes occuaris that students rely too heavily on vendor quotes. They are told to size and
cost equipment themselves, as well, to check the vendor numbers.

The difficulties studentencounter areften similar to ones they will meet as they enter
the workplace. Moreover, over one thirdf the projects end up beingiplemened in some
form, so that the students get the satisfaction of seeing theirinvadtion. (Depending on how
implementD WLR QY LW 16df tHeQ@®ptjects, changes wermade in existing processes
along the lines of student recommendations.) In the case of the MN Power project, the students
researched a technology (SAMMS) the sponsor had not considered. After testing, it was found
that mercury levels were successfubbykered below 1.3 parts per trillion.

4. Improving Projects

To counter theacademicshortcoming, the department sometinsepplements a project
with an academicomponent For example, the Duluth Steam project from 200@vas a
feasibility study of addip some downtown hotels to theatingloop. Some heat exchangers
needed to be designed, an energy balance performed and economics evaluated. However, the
scope of the project was far from the traditional academic projects. After some discussion,
severalof the faclty decided to add problem on optimum insulation thicknegs pipingto the
project. Although the project was still not as rigorous as some former capstone expgeitiences
was improved. At our last ABET meeting in May, we agreed as atyacuieet in October or
November, when the projects are lined up, to discuss which topics need strengthening and how
to make them more academically rigorousn alternative which has been discussed but left on
the table is to have the students do the EMesign Competition project in the fall as an
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additional individual project. One difficulty with this idea is that there really is not enough time
in the semester for more work.

5. Conclusiors

In moving from academic to industrial projects, we hauetl that departmental contacts
are most helpful initially. Local industry provides the vast majority of the projects through
alumni and current students, and companies are often willing to offer projects again after they
have gone through the experiemmcee. Patience is required since many new contacts may result
in only one or two projectsFor a relatively small department, such as chemical engineering at
UMD, the types of projects obtained are generally dictated by the nature of local industry.

The change to industrially supplied senior design projects has been beneficial for the
department. It has helped satisfy ABET requirements for multidisciplinary activities and gives
the graduating seniors a practical experience as they prepare to entdr tharket. It is true
that acadenai rigor can sometimes suffelbbut with careful monitoring it is hoped that a true
capstone experience can be achieved together witfifeeproblemsolving.
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